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Forerunner  of  Progress  in 
Mining,  Quarrying,  Const  ruction 


h'lir  inaiiv  xcars.  K.igdad  (.'opper  ( a>r|M)i'.iti(iti's  iniiu'  in 
wrsf  it'iifral  \ii/ona  lias  hfcn  workrtl  iiiti-rinittciitiv  as  an 
nndcri'roniul  i>p<-ration.  with  prodnetion  on  a  iiHMirst  scaltv 
With  the  i‘ntr\  ot  the  I'niteil  States  into  World  War  II. 
the  (t)r|viration  adopted  an  expansion  prot^rain  vvliieh 
inehided  a  eh.inge  Iroin  underground  inining  to  open-pit 
operations.  In  Ut47.  pit  operations  had  been  developed 
snfheientlv  so  that  underground  mining  was  diseontinned. 

Today,  the  ore  in  tin*  |iit  is  drilled  and  hlast<“<l  in  Ix-neln’s 
.50  ft.  high  on  several  levels.  A  s»Ti«'s  of  7-in.-dianieti’r  wa-ll 
ilrill  holes  is  loaded  with  Merenles*  50' ,  F.vtra  Dvn.nnite  in 
.55  in.  by  2.5-lb.  lartridges.  primed  with  plastic  I’rimaeorvl. 
Blasting  resnlts  ar»-  nnilormlv  satistactorv . 

.\  description  of  th<-  activities  at  Bagdad  is  presented  in 
an  article  on  page  14.5.  bv  Superintendent  Olaf  llondrnm. 


.\n  S-mile  section  of  I'.  S.  liighwav  70  in  western  North 
(Carolina.  lM‘twe«-n  the  towns  of  Old  Fort  and  Bidgecr«‘st. 
winds  its  wav  np  steep  grades  on  the  sidr-  of  the  Bhu‘  Hidge 
Mountains  in  a  long  s«-ries  of  sharp  curves,  hairpin  turns, 
and  switr  hbacks.  It  is  classifir'd  as  one  of  the  eight  worst 
highwav  s»-ctions  in  North  (.'arolina. 

In  the  fall  of  10.51,  the  State  liighwav  Commission 
awarded  a  S2.500.(K)0  i-ontract  to  \N'.  F.  (iraham  &  Sons  tt> 
grade  and  drain  f>.  1.5  miles  of  rough,  tough  terrain  across 
the  mountains  to  relcK'ate  and  inoderniM*  this  S-mile  cork¬ 
screw  section  of  highway  iM-twer-n  the  towns. 

Sonn-  of  the  highlights  (»f  this  project  arr*  smmnari/ed 
bv  Oscar  M.  Davis  on  jragt-  146. 
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and  opinion*  r«prr**rd  b>  Ihr  authttr*  ol  article*  in  Ihi*  publication 
are  their  o**n.  and  the*  do  n«»t  ne<'e**aril*  rrpre*ent  tho«e  nl  the  puhli«her. 


Another  significant  contribution  to  tin*  literature  on  the 
mining  of  minerals  has  been  made  by  Philip  B.  Bnckv, 
proft'ssor  of  mining.  Cohnnbia  I'niversitv.  in  his  article 
entitled  “(a'ofragmental  Mining  Methorls  in  Ibidergronnd 
Properties.”  Iieginning  on  page  1.52.  Prof«*ssor  Bnckv  tlirects 
attention  to  the  fact  that  "in  the  future  a  greater  |M>rtion 
of  onr  workable  ore  biKlies  will  be  at  increasing  depths. 
Iwcansi*  the  «*arth’s  snrfaci*  is  becoming  increasinglv  valu¬ 
able  for  living  space  and  for  agricultural  piir|>oses.  and  the 
amount  of  mineral  available  for  each  individual  is  be¬ 
coming  pro|Vortionatelv  less  in  tin*  light  of  man's  greati'r 
demands . As  mining  depths  increa.se,  the  loail  sup¬ 

ported  bv  pill.irs  of  ore  increases  and  a  gr»‘ater  |M)rtion  of 
the  ore  bodv  must  1m*  h*ft  to  support  workings  whih*  men 
are  there  engaged.  .  .  .  Thi*  determination  of  an  effective, 
economical  solution  to  the  problem  of  depth  is  among  the 
most  pressing  problems  facing  the  nndergronnd  mining 
indnstrv  today.” 

Plea.se  torn  to  page  1.52. 

•  •  • 

.An  nnnsnal  example  of  controlled  blasting  on  a  large 
scale  in  a  commercial  stom*  (piarrv  is  presented  in  tin- 
article  on  page  1.56.  ''Three-ln-One  Tunnel  Blast  in  a  Wis¬ 
consin  (^)narrv,”  bv  John  (7  Bichards.  Jr. 

The  artich-  d«-scribes  the  loading  of  79.(10(1  lbs.  of  llerco- 
mite*  .\  and  Celamite*  D  dvnamite  into  IS  |MKket.s  in 
three  tunnels  in  Dr«‘ss*-r  Trap  Bink  (annpanv’s  (jnarrv  at 
Dress«-r,  Wisconsin.  The  dvnamite  charges,  primed  with 
Primacord  and  electric  blasting  caps,  were  fir»-d  at  one 
time.  Th<-  resulting  blast  produced  a  sloping  bank  of 
broken  stone  estimated  at  .525.(H)0  tons. 

IM-fore  till-  blast  was  fired,  news  of  it  created  a  great  ileal 
of  interest— it  was  pnblici/.eil  over  the  Twin  Oities’  radio 
stations  and  televised  bv  a  station  in  Minnea|M)lis. 

•Bi«  V.  s  I-at  (Ml. 
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The  PROVED  and  APPROVED  DETOHATIHG  FUSE 


l.is 


1IU  K\PH>sl\>s  ^  K  •  SI-;PTKMB«-H-«K  TOBKB.  1952 


To  shoot  that  heavy  overburden  down  to  handling 
size, 

"Hook  Up  and  Ootonato  with  PRIMACORD" 

When  you  use  Primacord  you  get  faster,  easier  load¬ 
ing.  Positive  firing  of  every  cartridge  in  every  hole 
means  more  work  from  your  explosives.  Planned 
shooting  detonates  the  front  holes  a  fraction  of  a 
second  ahead  of  those  behind,  thus  giving  you  relief 
from  burden  and  better  fragmentation. 

There  are  other  advantages,  too.  Primacord  is  light 
in  weight  —  saving  you  time  in  making  trunk  line 
hook-ups  and  down-the-hole  branches.  And  it’s  safe  — 
can’t  be  set  off  by  stray  currents,  friction,  sparks  or 
ordinary  shocks. 

For  better  digging,  use  PRIMACORD  regularly. 


Ask  your  exp!ouvea  supplier 
or  write  ub  direct  lor  further  tmcts 


THE  ENSIGN-BICKFORD  COMPANY 
SIMSBURY,  CONNECTICUT 
Also  Safety  fuse  since  1836 


Th«r*'«  a  typ«  lor  ovory  job-  ^LAIN  PRIMACORD  lor 
skoiiow  Itoioft  ond  iwrioco  trunk  linos,  RIINPORCIO 
PRIMACORD  lor  doop  Kolos  ond  rosistonco  to  obrosion. 
WIRI  COUNTIRID  PRIMACORD  lor  doop,  roggod 
Kolos,  ond  PLASTIC  RIINPORCID  PRIMACORD  lor 
doop  Kolos  and  unusual  wot  conditions. 


BE  SURE  TO  VOTE! 


.  .  .  only  one-hall  of  all  American 
citizens  eligible  to  vote  in  the  1948 
presidential  election  actually  went 
to  the  polla.  Just  51.2  per  cent, 
to  be  exact. 


.  .  .  good  government  can  be  won 
—and  kept— if  more  voters  ca.st 
ballots  on  Election  Day.  It’s  not 
merely  the  action  of  voting  for  a 
particular  candidate  or  party.  It’s 
the  principle  of  exercising  this 
basic  right  and  privilege  of  citi¬ 
zenship. 


.  .  .  you  will  have  federal,  staU-, 
and  local  governments  that  truly 
n-preaent  the  people  under  our 
form  of  republic.  Remember  — 
one  out  of  every  two  persons 
failed  to  vote  in  the  last  national 
election.  Let’s  not  make  that  mis¬ 
take  this  November, 


Hercules’  business  Is  solving  problems  by  chemistry  for  industry  • . . 

.  .  .  rubber,  insecticides,  adhesives,  snaps,  detergents,  plastics,  paint,  tarnish,  lacquer,  textiles,  /Hiper, 
tn  name  a  few,  use  Hercules*  synthetic  resins,  cellulose  products,  chemical  cotton,  ter/iene  chem- 
icals,  rosin  and  rosin  deriiatiies,  chlorinated  products  and  other  chemical  proi:essing  materials. 

I  I  Hercules'  explosiies  sene  mining,  quarrying,  construction,  seismograph  projects  eteryuhere. 


HERCULES  POWDER  COMPANY  King  Street.  Wilmington,  Del 
Stiles  Offiies  in  Prinri/Hil  (’dies 
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ili'iil  I  ni;ini'ri  nn  .i  n  .il  i-st.ili'  ili'v I'lnpini'iit  |)rni;i.iin  .it 
(  ll\  m|n.i  I  Ini  III. I  l  lir  Inlinvv  ini;  M'.ll  In'  hi'i  .mil'  .issiK'i.ili'il 
vvitli  Hnlli'i,  H.iinrtt  A  I  .i\  Ini .  i  is  il  riii;iiii'ris,  .mil  vs  .is 
.issii;nril  In  iliiri  t  lii'lil  .ii  tiv  itii's  nut  nl  lliril  liKiin  li  nllit  r 
III  Sln.nl.  I'lniiil.i  In  l')2l>.  In-  ait'i'|)li'il  tlin  pnsitinn  nl 
I  III!  I  rni;nii'i'i  Ini  M.iv  .u  .i  (  nmp.mv  .  .i  snlisiili.ii  v  nl  I’liipps 
(  III  pill  .itinn.  vvliiili  W.IS  I'lii;. Ill'll  in  I'l-cl.iiinini;.  iiiii;.itini;. 
.mil  ill's  I'lnpim;  1  KNI  .nil's  nil  tlir  slinir  nl  I  ..ikr  ()ki'r- 
I  I  ml  III'  .il  tin-  111. Ill  nl  St  l.ins  (  .m.il  MIit  tliis  pinji-it 
ss  .IS  I'lnnpli'li'il  In-  ss  .is  li  .msiri  iril  tn  fin-  P.ilin  lii'.ii  li  (  !nni- 
p.ms  .mntlii'i  snlisiili.il s  nl  Pliipps  ( !nipni. itinn.  as  i  lni  l 
i'ni;nn'i'i  nn  l.mil  .mil  linililmi;  ilrsi'lnpinriits  in  .mil  .irnnnil 
P.ilni  lli'.ii  II  \\  lull'  nn  tins  .issii;nini'nt.  Iin  inll.ilini .iti'il 
ssitli  (  nlniii'l  (.  \  ^nnni;lM'ii;  III  pii'p.iiini;  .i  mpnit  intnin- 
mi'iiilini;  n  p.iii  pnx I'lliiii-s  nn  tlin  I'lniiii.i  in.ist.  Inllnssini; 
il.iin.ii;i's  siilli'ii'il  linm  .i  liniiii.mr 


In  U)2‘l,  lir  innsi'il  nnrtli  fn  Ix-iiimi'  a  fii'lil  »'ni;in«'i'r  with 
I  nint-r  ( ainstriu  tinn  (aiinp.ins  on  tin-  hnililini;  iii  tin-  Dnla- 
ss  .Ilf  \  I  ..K  k.iss.mn.i  'IVrniin.il  Ilf  ciintiniiffl  liis  assiifiatinn 
ssitli  till'  Tnriifr  (aniip.ins  Inr  tfii  srars.  as  assistant  sn|)«T- 
niti'iiilfiit  .mil  l.iti-r.  siipfrinti'iiilfiit  nn  ina|nr  fiinstriiction 
prnjfits  in  till-  Nfss  ^iirk  inftrn|>i)lit.m  ari'a.  in  lllinnts. 
.mil  in  M.irs  l.mil. 

Si'siT.il  innntlis  Im-Iiih'  tlif  att.ick  nn  Prarl  llarlMir,  tin- 
I'lntfil  St.iti's  N'ass  .iss.irili-il  a  iniiti.iit  tn  ( aintraftms. 
P.ii  ilif  .V.is.il  \ir  H.isfs.  .1  i;rnnp  nl  fii;lit  ininpaliifs  in  .i 
|nint  iniistinitinn  Sfiitiiif.  'I'lif  iuntr.iit  insnlsi-tl  tin-  hnilil- 
ini;  nl  .iirliflds  and  iinniftnns  N.isal  installatinns  fsti-ndin^ 
Irnin  (i.iliinrnia  to  tin-  Plnli|)pinfs.  fstiin.iti'd  to  inst  more 
til. Ill  Sd2(l.(KK).ll(l(l  It  was  tlif  l.iii;fsf  sini;lf  t'onstrnction 
I'ontr.ut  fSiT  aw.irdfd  liv  tlif  I'nitfd  Statfs  ( ais  f rimifiit. 
I  Ilf  ollitfis  ol  till'  fii;lit  foinp.mifs  fliosf  (Jfor^f  Ffrris 
to  Ilf  cli.iirni.m  ol  tlifir  opfratini;  fommittff,  dirfitls 
ri'sponsililf  loi  tlif  iifid  ori;ani/ation  and  lor  tin-  proi;rfss 
III  work  on  .ill  ol  tin-  projcifs  sjiifad  out  os«-r  tin-  Pacilif 
( )ffan.  on  tin-  islands  ol  ll.iw.iii.  jolinston.  P.iliiis  ra.  Samoa. 
Midw.is  W’.ikf.  (niain.  .md  tlif  Plnli|)pinfs.  I'piin  toin- 
plftion  ol  fonstriK'tion  aitisitifs.  wliirli  fstfiidi-d  osi-r  a 
pi'iiod  ol  lour  and  .i  li.ill  s'cars.  tin-  proji-ct  w.is  liailfd  as 
oni-  ol  tin-  oiitst.mdini;  afi-oinplislinn-nts  nl  tin-  war  (-on- 
stiiii'tinn  proi;r.iin.  In  if('oi;nition  ol  tin-  lirilliant  f\f(-ntion 
III  liis  ifsponsiliilitifs,  tin-  I'niti-d  Staffs  .\as\'  prr-sfiiti-d 
Its  liii;ln-st  fis  iii.m  .iw.ird.  tin-  l)istiiii;nisln-d  Pnlilic  Sf rs  ii-f 
Vw.ird.  to  \lr.  l-'i-rris. 

rpon  liis  ifinrn  Ironi  Pi-arl  ll.iilior  in  U)44,  \1r.  Fi-rris 
W.IS  inadf  i;fnfr.il  inan.infr  ol  .i  joint  sfiitnri-  t-ontract  with 
tin-  N.isv’s  hnif.in  ol  V.irds  &  Din  ks,  lor  |)nrc'liasini;.  svarf- 
lioiisini;.  ,md  sliippini;  m.iti-rials  rr-ipiiri-d  liv  tin-  Hnrfaii 
tlironi;lnint  tin-  world.  Tin's  priKiirfini-nt  si-rsir-r-  at  its  pi-ak 
ri-.ii  In-d  .III  asfr.ii;f  soinnn-  ol  S-I.IHIO.IKK)  worth  of  inatfrial 
.1  d.is.  W’liilf  on  this  assi^niin-nt.  In-  was  r-U-itfd  a  sicf 
pri-sidi-nt  and  dirfctor  ol  Tnrin-r  (!onstrni-tion  (aimpanv. 
( lin-  sf.n  l.iti-r.  In-  rfsii;nfd  Iroin  his  posts  with  tin-  Tiirin-r 
(ioinp.ms  to  ai-i'i-pt  tin-  positions  of  sii-t-  prfsidfnt-i;fnfral 
in.m.ii;fr.  ,ind  a  din-ctor  ol  Havniond  ('iinirftf  Pili-  (aiin- 
p.m\ .  in  whii'h  fapacitifs  In-  is  si-rsini;  at  ]irr-sr-nt. 

(a-ori;f  Fliivd  Fi-rris  tnarrifd  H.irhara  P'vanson  Marcli  20. 
1012.  in  lliinolnlii.  Hawaii.  \lr.  Ffrris  is  fin-  fatln-r  of  two 
d.mi;htfrs.  (^aroli-  D  and  M.irs  jain-  F«-rris.  Tin-  fainilv 
hnini-  is  .it  112.i  P.nk  \sfnnt-,  N'fsv  York  (!ifv. 

(a-ori;f  l-’i-rris  is  a  nn-mhi-r  of  tin-  .Ynn-rk-an  ScK-iftv  of 
(asil  Fni;iiiffrs  and  of  lln-  Hoard  of  (aisfrnors,  W-sv 
Milk  Hnildiii^  (aini;rfss.  His  cliihs  inchidt-  I’nisr-rsitv, 
H.iilro.id  -  Mai  hiin-rv.  and  Tin-  Moli-s  ( \  ic-r-  prfsidfiit),  in 
Ni-ss  ^ork  (.’its  ;  and  Sh-i-pv  Hollow'  (.'oinitn'  in  S('arhoroiit;li. 

fsti  lifsti-r  (aiinifv,  Nfsv  York. 

I  .ikf  m.mv  top-lhi;hf  fSffntisfs.  his  hnsiin-ss  is  his  hohlis  , 
lint  In-  diM's  find  fiini-  to  do  a  litfli-  fishini;  or  i;ft  in  an 
ofi'.isiiin.il  nann-  nl  i;iill 
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C’ohI  l*rrpiirali«>n  Kr^in*  al  tkr  Faee 

III  till  |lll■|l.l■.ltl<lll  III  I'li.il  li.is  Ih-i-ii  rapid  in 

II  I  I'lit  M  ats  \\  idi-spirail  iiii'i  liaiii/atiiiii  iil  iiiidi'rt'riiiiiid 
uniliiiil’s  lias  tai  ilitati'il  lii.idiiii'  iijX'i atliilis  I'p-tii-d.itr 
I  |i  ailing  plaiil'i  nil  llir  siiilaic  iia\i-  ( null  iliiiti  il  tn  iiktimm’s 

III  lniiii.>i;i'  niit|)iil  and  nnpiii\i-d  prniliKts  i'ioi;r.itns  nl 
pii  pal  atiiin  slinnid  i  inliiad'  tlii  si'  liindcin  Iratiiri'S. 

It  IS  ssi'll  tn  kri'p  III  inind  that  pii-paiatlnn  Ix-i'ins  at  tin- 
inal  tail-  with  tin-  rspInsiM's  and  tlir  hlastiii)'  ini'thiKls 
iisi'd  tn  liiini;  dnwn  tlir  dial  11  till'  (iial  is  not  hl.istcd 
pinpi'iU  III  till'  Inst  placi'.  i-siM'iisivr  pii'paratinn  and 
loading  ri|iiipnii'nt  (annnt  cninpli'ti'K  ollsi't  tin-  inaikrt- 
11114  disaiU  antai^i-s. 

Mndi'in  pi'i inissilili-  rspliiMM's.  with  tlii'ir  Ininp-prodnc- 
IIH4  aitinn  and  addrd  satrts  li-.itnirs,  ha\i-  pinvi-<l  to  hi- 
valiiahir  aids  in  tin-  initial  pirp.iiatinn  of  coal  in  mans 
innii  s  I  he  pioi^irss  in.idi-  in  then  di-\ clopiiii-nt  ,ind  scicii- 
tilu  applii  atinn  inciits  the  attention  ol  coal  mine  oper.itors. 
Iaii4e  and  small  Siiiie  explosises  eonstitnte  an  im|)oitant 
item  nl  I'spense  in  the  nndeii4rnnnd  nimini’  of  loal.  e\er\ 
aii.dssis  III  npi'ialim;  ensts  shniihl  miliide  (-areliil  eonsidei- 
atinn  as  tn  then  selei  tlnli  .llld  llse 

reiindie  ni\ istii^atiniis  nl  espinsives  and  hlastin^  pro- 
lednies  supplemented  h\  ennsiilt.itions  with  teehnie.ilK 
tiamed  lepiesentatis  es  nl  e\p|osi\es  iii.imilaetlirei s.  w  ill 
help  lo  keep  opeiatnis  .ihreasl.ol  the  times  Snell  a  pro- 
aiam  smII  also  In-  helpliil  in  le.di/nii;  more  lulls  on  me- 
(  liaiili  al  ms  estmeiils 

Hiid  N'rtnnirtallir  l'^lineral  .'^linin^ 

(  «>n«'rnti«»ii  !n  Dmver 

Mninii4  men  Imni  eveis  sestinn  ol  the  Western  llemis- 
pheie  met  III  Deiisei  SeptemlM-|  22  thioni’h  25.  to  attend 
the  l')52  Metal  and  Nnnnietaihe  Mnier.d  Mining  (aiiisen- 
tinn  and  I  spnsition  ol  the  Xmeiieaii  Miniiii'  (aini^ress. 
\ill\illes  (eiiteied  III  Denseis  leifiitls  completed  (at\ 
\nditniinm  I  he  pioi4iam  piosided  lor  the  coverage  ol  all 
phases  nl  the  nnneial  mdiistis  Ironi  prospeetint’  lhrnni4h 
pindiii  linn  as  ssell  as  the  nitn  .d  esamination  ol  ei-onomit 
.llld  lei;isl.iti\  e  pinhiems  \ddiesses  and  disi  nssions  w  ere 
paituipated  in  h\  proniment  nienihers  ol  hoth  Houses  ol 
tin  t  nnijiess  nl  the  I  'niled  Stati-s  and  h\  leaders  in  indnsti  s 
Mine  than  I  Id  eshihitni  s  iH-enpied  os  ei  57  (it HI  sipiaie  l*-et 
nl  span-  inside  and  outside  ol  the  Anditorimn  s  Kshihition 
II. ill  Ini  till-  displ.is  ol  the  latest  iii.iehiners.  tiMils.  and  sup¬ 
plies  loi  nimnii;.  imllini;.  and  ore  piiKi-ssini;  The  eshihits 
nil  hided  ei|nipnient  Ini  esploialion.  rink  dllllin^.  hlastini'. 

Ii  aiispoi  lation  and  loi  eai  h  ol  the  spes  iall/ed  operations 
loi  the  pindiiition  and  tieatment  nl  oies  and  nonmetallie 
imneials  leehnual  lepiesentatis  es  ol  the  m.mnlaetnrers 
well-  on  hand  and  disi  nssed  with  o|M-iatiinj  men  the  appli- 
lation  nl  then  piodiuts  to  modem  mining  and  priH-essiin;. 
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I  he  1952  c-onsentlon  and  ex|>osition  at  Denser  prosided 
an  eseeptional  op[>ortmntv  to  mining  men  to  obtain  Hrst- 
hand  knowledge  ol  the  c-onrse  that  Intnre  prodnetion  pro- 
t  ednres  are  likels'  to  lollow . 

C*«»nstrurtion  at  KerortI  l..evels 

'I’he  AssiK'iated  (leneral  (.'ontraetors  of  .America  recently 
re|>orted  that  tin-  soinme  ol  construction  in  1951  totaled 
S4(l  billion,  es(-eedin)4  the  total  salne  ol  ai'riciiltnral  pro¬ 
duction,  normally  the  greatest  indnstrs’  in  prodnetion  mones 
salne  in  the  nation.  The  report  iniiicated  that  il  materials 
are  asail.ible  during  the  remainder  ol  this  year,  a  ness 
annual  ri-cord  ol  more  than  S4()  billion  in  c-onstrnction  ssill 
be  establisherl  in  1952. 

Despili-  the  delays  <-nlorc«-il  by  the  steel  strike  and  tin- 
added  tiiin-  in-eded  to  ^et  the  sn|)ply  pipe  liin-s  lilh-d  aijain, 
there  is  no  es  idenc-e  ol  a  slosvdow  n  in  construction  solnme 
in  the  in-ar  Intnre. 


I)r.  J<»hn  J.  Kutled^e 

1H70.I952 

Dr.  John  J.  Hntleili'e  ssill  lon^  In-  renn-mln-retl  lor  his 
ai-tisities  as  a  practical  ••Xpert  in  Inith  coal  mining  anil 
met.il  mining,  and  as  a  geologist,  a  i-onsiiltant.  and  as  a 
mining  corres|M)inlent. 

Dining  tin-  past  25  years,  Tiir  K.xri.osis  ks  KM.isrni  seas 
|)risileg«‘d  to  publish  a  si-rii-s  of  articli-s  bs  Dr.  Ibitledge. 
based  on  his  disersilit-d  e\|n'riences  in  mnlergromid  mine 
prop«-rti«‘s.  ssith  partii-nl.ir  emphasis  on  tin-  deselopment  of 
mine  lorenn-n.  Tin-  .irtii-h-s  created  such  wiil«-spreail  inter¬ 
est  that  they  syere  reprinted  in  InMiklet  lorm  to  sn|)pls  the 
dem.inds  lor  copies  from  coal  mining  i-ompaiiies  and  from 
technical  scIumiIs  and  i-olli-gi-s  in  this  country  and  in  soiin- 
loreign  lands. 

lbs  nnitpie  style  ol  w«-asing  practic.d  esp<-ri«-nii-s  into 
the  thread  ol  sshat  might  In-  called  ti-aching  ssas  accepted 
with  great  enthusiasm  bs  ImiIIi  young  and  old.  He  i-oiild 
aiss  as  s  rels  on  his  oss  n  bai  kgroimd  to  aiithenticate  his  thesis. 

Dr.  Hiith-ilge's  mans  scars  ol  d«-soti-d  anil  conscientious 
s«-rMc«-  to  tin-  l'nif»-d  States  bureau  ol  Mines,  anil,  later, 
to  the  M.irsland  bureau  ol  Mini-s.  wiin  lor  him  rei-ognitioii 
as  a  public  olfiiial  of  gri-at  stature  and  ol  the  highi-st 
ethical  standards. 

Dr.  John  j.  bnth-ilge  ssas  an  outstanding  esi-cntisi-  ssho 
i-ombineil  esti-iisisc  es|H-rienii-  with  miiisnal  ri-sonrci-fiil- 
in-ss  to  mii-t  nxislern  i-onilitions.  Tiir  K.M-i.osis'k.s  KM.iNreii 
loins  ss  ith  the  mining  ssorlil  in  moiirning  his  ileath  anil  in 
saluting  the  memory  ••!  a  ssell-losed  indisiilnal  and  an 
eniineiit  mining  aiithorits  . 
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MINING  COPPER  A  V/ 
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AT  B  AC  DAI).  ARIZONA  < 


niK  HAC.I>\I>  MINK  \ 

of  Bu^dudN  open-pit  mine  i<M>k> 
tniC  toward  the  ea%t.  Present  pit 
pri>dui*tion  aserai^es  3,7(MI  tons 
of  ore  and  4..VM)  eu.  \ds.  of  ssaste 
material  each  das.  Most  of  the 
haulai^e  (grades  are  maintained 
at  a  makimuin  f>f  12  per  cent. 


Open-pit  nperatinns  of  Bagdad  Oopper  Oorporat i«»n 
produce  an  average  of  3,7tHI  tons  of  ore  a  day  wi  th 
a  mill  output  «>f  approaimately  t<»ns 

OI.AK  IIONDKl'NJ* 


Tini-;  mining  and  inilliii^  operations 
of  K.i^dad  Cop|MT  (iorporafion  are 
l(K'ated  near  tlie  town  of  Bagdad  in 
west  eentral  Arizona.  7(1  miles  west  of 
I’rescs>tt.  'I'lu-  nearest  railroad  is  .it 
Hillside,  approximatelv  2f)  miles  east 
of  Bagdad.  Tlie  Hillside  station  is  on 
a  hranili  line  of  tin-  Saute  Fe  Bailroad 
exti'iidini;  from  .Ash  Fork  to  Plawnix. 

Tlie  Bagdad  mine  has  Been  ojXT- 
ated  intermittiMitly  for  many  vears. 
with  prodnetion  on  a  modest  scale.  A 
small  flotation  mill  was  linilt.  mine 
dexelopment  work  was  carried  on.  and 

*Mmc  Sii|>i  riiili'rul<'iit 
H.iU(t.i(l  (^)p|>«T  C(ir|Xirati<in 
Hai;d.Kl.  .Arizoii.i 


sonu'  ore  was  mineil.  Ahont  dO 
vears  a^o.  an  extensive  chnrn-drill  pro¬ 
gram  of  exploration  resulted  in  the 
development  of  a  considerahle  deposit 
of  low-ijrade  copper  ore  adjacent  to 
the  rather  small  ore  bodies  known  at 
that  time.  Also,  extensive  metalhiri'i- 
cal  experiments  were  eondneted  to  de¬ 
vise  methods  for  treating  the  oxiile 
|)ortions  of  a  |)redominantlv  snifide 
copper  orr‘. 

\Vith  the  I'litrv  of  the  I’niteil  States 
into  World  War  11.  it  was  apparent 
verv  ipiicklv  that  copper  was  one  of 
the  metals  despiTatelv  needed  and  th.it 
increased  ])rodnction  of  copper  from 
mines  cap.ihle  of  expansion  was  essen- 


ti.il.  The  Bai’d.id  mine  was  in  this  cate- 
Horv.  Follow  ini'  the  suecesstnl  ne¬ 
gotiation  of  .1  lo.in  liom  the  Beeonsti  ne- 
tion  Fin.mce  ( 'or|ror.ition.  eonstinction 
of  a  2.5(H)-ton-a-d.iv  flotation  mill  w.is 
he^nn.  \lso.  a  new  mine  shaft  vv.is 
Slink,  haul. n’t'  drifts  were  driven,  and 
the  development  work  necessary  to  pro¬ 
vide  the  mill  w  ith  the  re(|nired  anionnt 
of  ore  was  done.  Plans  lor  the  ex- 
p.msion  proi'rani  called  for  the  ore 
to  he  mined  hv  the  hliK  k-cav  ini' 
method  wliiili  h.is  been,  ami  is  still 
Ix'ini'.  used  extensively  in  .\ri/ona.  The 
flotation  mill  w.is  completed  in  the 
early  p.irt  of  HfTV  By  that  time,  stopint' 
liliK'ks  had  heeii  miderent  and  oper- 
.itions  in  the  mine  were  exp.inded. 

Friiiii  l’nder)(roiin<l  to  ( f|M'ii-l'il 

In  1941.  j.  (7  l.incohi  was  elected 
president  of  the  corporation.  He  ap¬ 
pointed  Friu'St  If.  Diikie  as  j'eneral 
manai'er  and  the  hitter  assiimi'd  his 
new  duties  on  Septemher  I.  Mr.  Diikie 
had  lieen  assixiated  previously  with 
Mr.  Lincoln  at  the  X’nltnre  mine  near 
Wiikenfmri',  .Arizona.  After  thoroni'h 
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\  I'HIM HI  \S  I  I  Im-  i.immtj  tjii|*li(  (lii\  jttioii  hlast  ol  .‘lO.IMMI  Ills,  ol  ll(‘ritilrs  -'Ml' .  I' \tra  I  >\  ii.iiiiilf  |iriiiit'(l  ssiflt  iilastic  Hriiiijciircl  on 

lint'  ol  till*  o|H*ratint;  lr\i‘ls  in  tlo*  H.ii’il.nl  pit  in  \ri/on.i 


iiispci  tidiis  .111(1  studies  ol  eoiiditioiis  ,it 
the  mine.  Mi.  Dickie  deeided  that 
11.10(1. id  eoiild  lie  winked  to  lietter  .id- 
i.iiitaoe  as  ,iii  o|>eii-pit.  H\  the  spring 
ol  prep.ir.itioiis  were  under  wax 

tor  ( h.inoini'  oxer  Irom  nnderoronnd 
mining  to  open-|iit  oper.itions. 

'I'he  eh.int;e  h.id  to  lie  m.ide  in  siieh 
.1  XX  .IX  .IS  not  to  interlere  xx  ith  the  ()|)er- 
.ition  ol  the  mill  xxliiih  xxas  prodncint' 
li.idix  needed  copper  eoneenti.ites.  At 
lirst.  prodiution  ol  ore  l)X  the  open- 
pit  method  xx.is  sm.dl  .md  most  ol  the 
(lie  mined  w  .is  olit. lined  Irom  the 
nn(lert;roim(l  oper.ition.  \itixities  in 
the  pit  XX  ere  stepped  up  t^r.idiiallx .  a 
(lusher  XX.IS  installed,  .md  .i  belt  eoii- 
x’cxor  IMO  It  lono  xx.is  eonsti ncted  to 
e.irix  the  ore  Irom  the  eriisher  to  the 


XI  TI'H  I  HK.  BI.XST:  In  llic  ore  formation 
.III  explosixes  loadint;  ratio  of  approxiniatrix 
I  III.  ol  (Ixnainite  per  I  eii.  xd.  ol  linrden 
priKliues  excellent  frai’inentation. 
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mill  h\  flic  end  nf  Uf47,  flic  pit  w.is 

III  iiill-sc.ilc  iipci.itKiii  .111(1  iiii(l('|  cri>iiiid 
(>pcl.ltl(ln^  wcic  discoiitiiiiicd 

I’liKliictiiiii  at  h.ic(|,i(l  iiicic,iM<l 
slii\(l\  as  mole  eipiipmeiit  l)e(.mie 
a\ail.il>le  \f  pieseiit,  tile  a\er.it;e  pit 
prodiietiiiii  ea(  li  da\  is  VTtNI  toll^  ol  ore 
and  m.  \(K  ot  waste  niateri.il 

\ppro\im.itel\  SO  men  .ire  emplo\(d 
III  file  pit  on  .1  workmo  (Scle  ot  two 
sliitfs  a  d.l\  SIX  d.ixs  .1  week  Tliis 
nnmlier  ot  woikmeii  in  tlie  pit  does 
not  iniinde  tlie  mei  li.ini(  .d  crew. 


rlie  drillim'  eipiipment  ((insists  ol 
lour  Hnex  I  lls  -  Krie  n.isoline  -  drixen 
elmrii  drills— two  Model  22-'!' s  .ind  two 
Model  27-’l's.  Ml  of  tlie  drills  .ire 
(■(piipped  with  7-in  hits.  'Ilie  working 
lieiielies  in  flic  pit  .ire  ")0  If  liieli,  and 
drill  holes  .ire  drilled  to  hoffom  .it  -j  It 
heloxv  ijrade. 

'I'he  exeax  .itiiiii  units  inehide  three 
poxxcr  shoxels— a  l-eii  xd.  Pftdl  1400 
eleefrie.  a  4-en.  xd.  I'^ll  10.>i  electric, 
and  .1  2'5-cii.  xd.  .Norfhxxcst  Diesel  C'lir- 
rentlx'.  onix  the  lO'i-'j  Diesel  is  lieiiia 
xxdikeil  in  ore  xxhile  the  other  fxxii  are 
used  in  stri|)|)ini'  ojierations. 

'I'he  haiilini;  eipiipment  consists  ol 
fxxo  Model  to  ToiirnariK  kers  xx  ith 
Model  A  Toiirn.ipiills.  lour  D.irf  110 
I'onpie  (.'onxerler  trniks.  six  I'.nclid  !■'> 
I  D  trucks.  ,111(1  tour  laiclid  31  'I'D 
triu  ks.  K.ich  ol  the  Tonrnaroekers  has 
.1  capacifx  ol  Vi  tons.  The  l■'ll(■li(ls  .ind 
the  D.irts  carrx  22  to  23-ton  loads. 


IAI‘I(  \l.  K(tKM\1l()\:  Ilic  Ii11.1l  nit  lliriiiii'li  a  hank  iit  hlastcd  isH-k  is  in  |>r<ii>rfss  with  a 
I’&ll  (-U'ctrii  shoxcl  liiadint’  into  nne  ol  the  ('oni|>anx  trucks.  Workini;  iH'iiihcs  in  the  pit 
j  arc  inaintaincd  at  an  axcrai'c  hcii'ht  cd  .stl  It. 


stieiioth  til. Ill  the  other  or.ides  .ind  is 
iiiiK  h  more  satisl.K  torx  to  use  imder 
sikIi  conditions  In  piep.irini;  to  hl.ist 
the  ends  ol  the  pl.istii  I’riniacord  pro- 
tindini'  Irom  the  lo.ided  holes  .ire  con- 
neited  to  .1  trunk  line  ol  eonxention.il 
rrini.icord  \  hl.ist  is  filed  hx  means  ol 
.1  lil.istino  c.ip  .111(1  s.iletx  fuse  atta(  lied 
to  hoth  ends  ot  the  trunk  line. 

The  nnmher  ol  drill  holes  in  .1  hl.ist 
x.iiies  I're.iflx,  heino  dependent  upon 
the  loc.ition  ol  .i  xxoikim;  lieinh  ,ind 
the  amount  ol  sp.ice  ax  .iil.ihle  loi  di  ill- 
inn-  I'snalK.  txxo  roxxs  ol  hoh's  .ire 
ntih/ed.  hill  three  roxxs  .ire  not  excep¬ 
tion. d.  In  ore.  .1  txpical  hl.ist  inxoixes 
lioni  10  to  10  holes.  In  the  xv.iste 
in.iteri.ll.  hl.ists  are  ('onsidei.ihlx  l.ii  oei 
comprisim'  20  to  30  holes.  In  ( Icfoher. 
1031.  1.30  holes  xxere  fired  in  a  hl.ist 
the  l.iri'est  to  (Lite  at  H.ii^d.id.  It 
consisted  ol  sex  en  roxx  s  ol  holes  on  a 
( <  .'ontinned  on  p.iL’c  KiO  1 


nila  .ilid  .isph.ilt  p.iper.  .ire  t.ipered  .it 
one  end  to  minimi/e  the  possihihtx  ol 
iheir  ■'li.nii'iiin  iij) '  in  raided  holes  \ 
h. indie  of  pl.istii  l.ipe  is  .ittached  to  the 
opposite  ends  ol  the  cartridges  to  l.i- 
(  ilit.ite  loxxcrine  them  doxxn  the  holes 
l.ocallx.  the  (lx  n.imite-lo.idini;  crexxs 
lelei  to  the  t.ipered  c.irtridnes  .is  honihs 
.111(1  think  ol  them  in  terms  ol  honihs 
per  drill,  hole. 

The  (Ixn.iinite  i  h.in;e  in  each  hole 
is  primed  xxilh  pl.istii  l‘iim.icor(l  .it- 
t.iehed  to  the  cartiidee  th.it  is  loaded 
in  the  hottoni.  K.iih  loaded  hole  is 
stemmed  xx  ith  m.iteri.d  from  the  xx  .iste 
hendies.  \n  ellort  is  ni.ide  to  use  the 
finest  m.iteii.il  .ix. iil.ihle  lor  slenimini'. 
\t  hest.  if  is  r.ifher  coarse  xxitli  sliarj) 
.mi'iil.ir  Ir.ienients  and.  xxhen  lo.idim' 
it  in  .1  hole,  extr.i  precautions  are 
t.ikeii  to  .ixoid  d.im.i^ini'  the  line  ol 
|>l.isti(  I'lim.ieord  I’l.islii  I’rimacord 
h.is  ureafer  .ihrasixe  .ind  tensile 


(H’KKA  I  INC  TOKS:  Bac- 

(lad's  o|KTatini’  stall  imliidcs.  left 
to  riiilif,  (a'orijc  tirccn.  mill  siipcr- 
iiilciidciit;  Dial  llimdriim,  mine 
siipcrinteiidcnt:  tienrue  W  .  ('<>1- 
xillc,  ihief  engineer;  Kmesf  H. 
I>i(kie.  the  nr|>ani/ati(m's  treas¬ 
urer  and  general  manager. 
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.MOUNTAIN  HIGHWAY 


IN  NORTH  C  AROLINA 


OSCAR  M.  DAVIS 


\s  S  mil)'  s<'cfi(Mi  )>(  I'  S  llii;li\\,i\ 

.  To  III  WI'stl'ITI  \llllll  (  ..Ulllltl.l. 
lll'tWl'I'll  till-  tllNMIS  III  (  )|(l  I'lll*  ,111(1 

Hiili;i'(  ii'sl  III  \lil)ii\M'll  .111(1  Hiiii- 
iiimlii-  ( 'iiiiiitii'N  uiiiils  its  \s.i\  lip 
stri  p  HI. nil's  III  .1  liiiiH  si'iii's  III  sli.iip 
IIIIVI'S  ll.lliplll  tlllllS.  ,111(1  SVS  lt(  Illl.K  ks 
nil  tile  side  iil  tlic  Hliir  HkIhc  MiiiIIi- 
t.iliis  It  u  IS  ( (ilistliK  ted  ill  till-  I'.il  K 
IM2II  s  w  Ill'll  I'lpiipiiii'iit  III!  lii.id  liillld- 

iliH  w.is  I'Stii'iiii  l\  liiiiiti'd  .IS  til  t\pc 

si/r  .mil  in.iiii'iix I'l .diilitv  Imli's  tin 
lil.istlliH  tlir  link  SM'ir  III, nil'  ll\  line 
III. Ill  liiildiiiH  .1  pil'd'  III  dull  sti'i'l  wliilc 
.iiiiitlii'i  III. Ill  li.iiiiiiii'ii'd  It  (Inwii  into 
till'  link  liiini.ition  ( )|>)‘i  .itiiiH  iiiidri 
sill  li  ('onditiiins  it  \x,is  ni'('i‘ss,ii \  tli.it 
tills  si'i  tion  of  till'  IiihIiw.ix  lie  liK  .itrd 
SI)  tli.it  .ill  pli.isi's  III  Hi.idliiH  XMiik  lie 
iiininiii/i'd  .IS  iiiik  Ii  .is  |iossilil('  \s  .i 
icsiilt  tile  cMstiiiH  IiihIiw.u  (  linilis  up 
steep  HI. ides  in  ciiiksi  less  l.isliion. 
witli  slionideis  iii.idcipi.itc  lor  inodi'in 
inotoi  M'liK  Ic  li.iM'l  It  li.is  ll('(■n  ( l.is- 
silii'd  l)\  st.itc  eiiHinect '  .inioiiH  tlie 
einlit  uoist  IiihIi'x.ix  sections  in  Noitli 
( '.iiolin.i  I'l. ins  till  K'liH  .iliiiH  it  li.ive 
lii'i'ii  III  tile  m.ikniH  loi  some  time 


Proj*"*'!  No.  H.'»2 1 
<  >11  ViiHiist  l‘).')l,  till'  \oitli 

(  .iioim.i  St.ite  IIihIixx.iv  -md  I’niilii 
W  inks  ( 'oinniission  leeeived  .md 
opened  pnlilu  lilds  on  ,i  coiistl  in  tion 
|ol)  desiHii.ited  l’ro|eet  No  S.>21.  e.ill- 
iiiH  loi  till'  H'-nlon^  ‘Xxl  di.iiniiiH  nl 

s  roWii*  r  <  ’4MII|MI)\ 


I’KIM AlO  HI  \S  I  INCi:  LAifllriil  (raf'iiK'iitailion  rc-NiilU'd  (ri»in  phinar\  hUsts  of  4IH>  holes  in  2H 
rtms.  '2H  hiOes  !<»  a  ro\s«  loaded  ssith  (•elatiiile  2.  primed  vsith  Hercules  Kleiiric  RlasHni;  C!aps. 


AKTKR  TIIK  BI.\ST: 


Whrn  Ih**  cliisf  (Irarrd.  a  Ni>iihwest  sho\el  opei 
into  a  flt'rt  iil  15-cti. 


utiir  wrnt  In  work  in  Ihtr  hank  nf  brnken  imk  In  rtcavalr  and  Inail  it 
td.  K.iiclid  trucks. 


RtK^K  U  AI.I.S:  Alter  a  passaKeuat  MMl  ft.  dr‘ep  had  been  drilled  and  blasted  Ihrtnii'h  Ibis  rmk  section,  the  walls  id  the  embank 

ment  slopeil  on  a  ratio  ol  '  ■  to  I . 


M  ri  I  MKI  K-IK  lOKbK.  I'»^; 


M4M  N|  MSS  (M  t  SkilU’c)  <»|M’r.ilor>  <»l  l)-S  Hn/ers  hiiIi  I  ot  ^ar^^  of  earth  n< 

shipr^— tfie  one  alnne  sIo|M‘s  at  an  aiii’le  (»f  '\S  ilei;rc*es. 


t\|>iiai  of  tnan\  hi;;  fill  a'^Munnients  on  the  |oh.  referreif  to  h\  the  lontrattor  a^  hanlint;  off  the  top  and  filling 
the  Ixtitoin  I  he  («»inpleted  enihankineiit  at  tins  hHation  reipiired  22.>.(HNt  eti.  \ds.  of  fill. 


THF  ^:\p^)sI^^:s  knmnkp.h  •  sfptembi  r-w  tober,  1952 
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o\cii'i(i\\(h,  .111(1  rciiM>\  iiii;  (Ifhris  h.id 
to  lie  (liiiic  l)\  nil'll  witli  .iM's.  (Toss- 
ciif  s.iws,  Imlif  |)()\\«'i  viws.  ,111(1  l(»i; 
liiHiks- tiMils  tli.it  tli('\  (tiiild  I'.iriv  and 
use  (III  .1  |(il)  .it  such  .1  l(K'ati(in.  Ihc 
news  lilt  and  slashed  tlicir  wav  t(i 
a  width  (il  IK)  ft  .ildii^  the  rinlit-of- 
wa\  W  lien  the  reliKated  hii'hwas  is 
c(ini|)leted  there  w  ill  he  .ippnixiinatelv 
I  III  .icies  III  tiinlxT  l.ind  cle.ired. 

(•rudiiifc  <  f|M‘rulioiin 

When  till'  work  of  clearini'  .ind 
I'ltihhin^  h.id  |)r()i;icssed  siifhcienth' 
s(i  th.it  lie.iw  eipnpineiit  inilld  he 
hnin^ht  into  tlie  are.i.  the  contiactoi 
niiiM-d  III  hi^  units  and  i^iadini'  o|M'r- 
.itions  were  heijiin.  Ilie  rinht-of-w av 
1(11  the  new  ro.id  cuts  through  and 
fills  in  .1  I'reat  nnniher  of  fiiii'er  ridiies 
.111(1  deep  raxines.  In  the  cut  sections, 
the  widtfi  is  7(i  ft  from  ditch  to  ditch. 
Ill  the  fill  set tions.  US  ft  from  shonidei 
to  shonider.  I'lie  l.irt;est  cut  rcipiired 
the  esc.ixation  of  ^iO().(KH)  in.  vds.  of 
iiH'k  .111(1  earth  within  KKI  liii.  ft.  of 
roadw.iv- one  cut  was  made  through 
.1  seition  lh()  It  hii^li.  'I'lie  larijest  fill 
lalled  for  .ipproxim.itelv  72.'5.(K)()  cn. 
xds  of  m.iteri.d,  the  heii'ht  of  fill  at 
one  location  w.is  22(1  ft. 

\l.mv  of  the  slopes  from  the  hottom 
of  r.ivines  to  the  top  of  adjoiniiii' 

I  nines  were  too  steep  to  permit  shoxcl 
opei .itions.  In  such  instances  an  oper- 
.itor  st.iited  a  lari’e  hnlldo/.er  at  the 


DitXISXt.l  I'ltdKI  I  XIS  Xllirt'  1I1.111  2  unit's  ol  sariniis  si/t's  nt  |>i|M'  sserc  l.ii(l  in  Ircnclit's 
iinilt'i  tills  Ilf  iin|ir('i  (  ilriilt'd  li('i|;lils  XIans  diHu  nit  ent’inrrrint’  |>riild('ins  sserc  snised  li\  the 
deseln|nnent  id  s|m'(  lal  i  inislnic  linn  nietliiHls 


fi  I  ~i  mill  s  III  loii'nh  toiinh  tell. nil 
.11  loss  the  nioimt.inis  to  leliH.ite  .ind 
model  ni/e  this  S  mile  sei  tion  ol  llenh 
W.l\  I  s  To  hetweeli  (  )ld  I' Ol  t  .111(1 
llldneiiest  I  he  piiijeit  spe(  llic.itloiis 
nil  hull  (I  (  le.ii  inn  .mil  n'  'ihhmn  of  1(1 1 
.Hies  Ilf  1  inht  of  w  ,i\  .  eX(  .i\ .itinn  .ip- 
piosim.iti  h  lOOOINIO  111  Ills  ol  mi 
(  l.issified  (.nth  .Old  link  .mil  exi.ii.i- 
Imn  1 2  IN Kl  I  II  \ ds  ol  ill .ini.ine  (h((  lies 
fill  the  l.ivmnof  \  .11  ions  si/es  ol  pipe 
I  line  limit  fill  (ompletllin  fhe  pro|ei  t 
W.IS  ISO  woikinn  d.n  s  I  he  n'  liei.il 


( oiiti .(( tinn  Inni  of  W  f'!  (n.ih.im 
.111(1  Sons  ol  (  lex  el.nid.  Noith  ( i.irolin.i. 
snhmitted  the  loxx  hid  ol  S2.  fOl  ,()‘>.'h2(). 
.111(1.  Ill  line  conise.  the  contr.ict  xv.is 
.ixx.iided  to  the  loxx  hidder. 

rhe  liist  order  ol  hnsmess  for  the 
conti.iitor  XX  .IS  (le.iiinn  tmiher  .md 
he.ixx  oxernroxxth  lidin  the  rinht-of- 
XX, IX  Ihe  onix  XX. IX  th.it  xxoiknieii 
Kiiild  n.iio  .iceess  to  the  inteiioi  of  this 
lonnh  coimtix  .ind  re.iih  the  joh  site 
XX. IS  hx  loot  (  ainseipielitlx .  the  hlisi- 
ness  ol  felimn  trees,  iiittinn  he.ixx 


I.K.KT  TO  KKillT:  \V.  K.  (^ruh^in,  seiiiitr  |Mrtiicr,  liis  mui  uikI  u  paiiiirr,  |iiliii  II.  (.ruhuiii,  proj¬ 
ect  injiiui;cr,  and  H.  Ilollfii.  Miperiiilrndcnt.  .  K.  (.rahaiii  and  Sons;  |.  K.  Terrell,  resident 
eiiKirn'er,  and  (•.  (i.  Haiie,  construction  eni'inrer.  North  Carolina  State  llii'hssas  and  Puhlic 
Works  (ioininission. 


Irottoiii  oi  a  and  uiiikt'd  .) 

pass.ii;«-wa\  ttr  tin-  tirp.  making  a  tcin- 
|)r»rar\  fill,  M  tli«-  saint-  timt-,  fin-  riilm- 
was  lo\\t-r«-tl  so  that  a  uradt-  was  inadi- 
siiliich-ntlv  flat  tor  .1  |M)wt-r  sho\t-l  — 
with  tin-  In-Ip  of  two  hiilldo/i-rs.  oin- 
pnllini;  and  oin-  pnshinir-to  tri-t  to  a 
working  |>ojnt.  Tin-  Sfatt-  anthonfit-s, 
ri-.di/in^  tin-  iinpiac'tit';il>ilit\  ot  c-on- 
striic'tini;  fills  on  this  joh  in  tin-  usual 
w  .iv  ( hori/ont.d  l.ivt-is  (i  in.  dt-t-p  and 
rolh-tl  w  ith  a  sln-t-p’s-fiKif  rollt-r ).  inotli- 
fit-tl  tin-  spt-iifications  to  pt-rinit  tln- 
(irahain  (.'oin|),in\  to  t-onstnut  tin-  fills 
l)V  i-nd-diiinpini'.  This  iin-thod  author- 
l/t-d  tin-  st.ii  tinir  oi  a  fill  .it  ijradt-  point 
.Old  continnini'  ;iiross  .1  r.isiin-,  pnsh- 
iiijj  tin-  oradi-  aln-ad.  W'In-n  tin-  slopt- 
ot  fin-  t'ronnd  pt-riniftt-d,  In-nihiiiir  of 
fin-  oiiiriii.d  irronnd  was  ri-ipiirt-d. 

Tin-  total  t-\tavation  ot  .ip|)ro\i- 
iii.iti-l\  ■'klHKI.tKKI  111.  \<ls.  of  in.itf-rial 
i-oinprisi-d  2.(KH),(I(KI  in.  \ils.  of  i-arth 
and  c-oni'loiin-ratt-  and  I  (MMI.IMM)  cii. 
\(ls.  of  riH-k.  If  ranks  as  out-  ot  tln- 
hii'i'i-sf  <-.irth-ino\  ini'  jobs  t-\t-r  at- 
t(-inpt(-tl  in  tin-  t-asti-rn  part  of  tln- 
I'niti-d  .St.ift-s. 

Priiiiars  liluKliiifE 

For  tin-  most  part,  tin-  nnk  (-nt-onn- 
t«-r«-d  was  a  drioiiipos«-d,  stratifi<-d 
^in-iss  i-oinprisini'  irri-i'iilar  lavt-rs  of 
oi.iiiiti-.  s.indstoin-.  and  shah-  otciir- 


rinj4  in  ll.it.’  loldini;  st-anis.  Soiin-  of 
tin-  lilts  throni'h  this  riK'k  lorination 
W(-r«-  l(K)  ft.  ihs-p.  \’i-rfii-al  hoh-s  for 
blasting  wi-ri-  put  ilown  b\  a  b.iffi-rv 
of  fill-  Ini'i-rsoll-Hand  F\l  w;ii'on  drills 
(-(|iiipp('d  with  I-lf  .111(1  Tiink(-n  do- 
tai  h.ibh-  bits.  Tin-  drills  w(-r<-  pow«-r(-d 
bv  (hirdin-r-Di-iiM-r  and  Ini'i-rsoll- 
H.ind  |>ortabh-  i-oinpri-ssors.  \  t\  pii-al 


|)i  iiiiar\  bl.ist  inihuh-d  KM)  hoh-s  i-oiii- 
prisinij  20  rows  of  hoh-s.  20  hoh-s  in 
.(  row.  i-.iih  hoh-  2'4  in.  in  di.iiin-t<-r. 
IS  ft.  ih-i-p,  sp.iii-d  on  5-ff.  i-«-nt(-rs. 
Tin-  <-\ph)si\  i-s  (  harijt-  load<-d  into  t-ai  h 
drill  hoh-  .ivi-raiji-d  12'j  lbs.  of  (h-l.i- 
iiiiti-*  2  in  1 '1  b\  S-in.  i-.ii ti idui-s. 

((.'ontinin-d  on  |).ii;i-  102) 

•K.  u  I  S  l“.it  OH 


Dl'.l-.l*  (  I  TS  IN  ll\KI)  KO(  k:  III  brini'ini’  the  ness  ruadssas  dussn  In  grade,  (irahaiii  (  oinpans  cresss  had  In  drill  and  blast  deep  cuts  through 
high  ridges  of  hard  riK-k  in  20-it.  iM-nches— the  final  depth  of  the  cut  abuse  ssas  |.-tl  ft.  Most  of  the  nnk  encountered  ssas  a  decoin|Mised.  stratified 
giH-iss  forniation  comprising  granite,  sandstone,  and  shale,  iH-ciirring  in  Hat  folding  seams.  The  riH'k  blasted  and  excasated  on  tin-  job  totaled 


appmximatels  I.INMI.IMHI  cu.  xds. 
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Geofra^me  ntal  Mininj^  IVIetkocls 
In  Underground  Properties 


I  !•.•  <l«‘l  «■  r  lit  i  ••  u  I  ion  of  un  t'ff  t‘r  I  i  «'4‘,  t'rononiirul  Holnlitin  lo  Ih  V  |ir«»  M  «*  III 
4»  r  .i.-i.ii.  •  N  uin<»n^  lilt*  niowl  preftfiiiiQ  |tr«»l>l4‘niH  farin'^ 
ill**  II n tier roil  11*1  iiiinini^  iiicliiMlry  today 

i'llll  ll>  K.  Kl  (  KN  * 


i 

! 


I 


I**  \i  I  Kii  M  I  .mil  lii\tiii\  milii  .iti  tli.it 

^  III  tin-  liitiiii-  .1  itn  .iti  I  |iiiitiiiii  III 
mil  wmk.ilili  mi'  limliis  will  lii'  .it  in 
I  H  ■I'.nn;  i|i  |itlis  In  i. him  tin-  i-.ntlis 
Milt. Ill  In  III  I  miiiii'^  nil  II  .iMiit4l\  N.iln 
ilili  till  li\ni^  Nji.iii  .iinl  till  .i<.^tuiil 
tin.il  |nn|iiiNi'N  .mil  tin  .iiiiinmt  ul 
iiiniii.il  .IN  .iil.ilili-  Ins  i.uli  niiliN  iiln.il 
Is  III  1 1 II I  linn  jiii  11)1  II I  imi.ili  In  Ii  ns  hi  tin 
ll'jllt  III  III. Ill  N  nil  .itl'l  ili'iii.mils 

It  lii'(iiiiii  N  nii|iiiit.nit  till  tliiisr  cull 
ii  iiii  il  NNitli  mull  I niiiiniil  niniinn  tu 
Iniil  NN.iNs  .Hill  me. ms  ut  mnimn  ui 
ivti.iitiint  mnni.ils  liiim  tin  c.iitlis 
•  Hist  nnIiiiIi  nniII  Ii.ini  tin  iili|iitiNcs 
listi  il  In  liiNN 

I  liiiinic.isi  till' ill  jitlis  .it  NN  Ini  II  mm 
inn  III. IN  In-  1 .11 1  n  il  un 
J  III  |iiuNiilc  lui  till'  I  iinsi'i  N  .itiun  ul 
uni  imnci.il  ii  sunn  i  s  Iin  nii  ic.isim; 
till'  jll'll  I'lll.ini  I'Ntl.llllun  till  I  .11  II 
uii  IiiiiIn  nnni'il  .mil  Iin  nnninn  ni 
sill  II  .1  III. mill  I  .IS  tu  ii'siilt  in  nil 
li.itmlnl  I'lll  l  ts  tu  tin  utin  i  uii 
liiiilii's  I  unt. mil'll  III  tin  nculunn 
slim  Inn 

>  III  |iiuNiili'  lui  imnnnmn  stnss  .mil 
ill  till  III. iliiin  I'lli'i  ls  un  till'  smI.Ki' 
mil  un  .iiiN  sti  III  tme  liK  .iti'il  tlii'icun 

I'  lll-Cl  III  lli-iilli 

\s  mninin  ilcjitlis  niiii.isi'  tin-  lii.nl 
sn|i|iui ti  ll  liN  pill. ns  III  uic  mill'. ISI  S. 

(  unsci|iicnllN  .1  n|,  .iti'i  puitiun  ul  tlic 

* I'f nti  *1  * •!  Minmxi 
I  *  uti\  I  <  Mfi* «  ?  S*  *UH»I  id  \I»IH  > 

(  oluMliM.I  (  \(  V'lk  \  > 

i:»2 


UIC  IiuiIn  IIIIIsI  III'  lett  tu  snppult  NNUlk. 
nii;s  nnIiiIc  men  .IIC  tlicic  ciin.incil 
Vltiliil.il  snppiiit  III  tile  luini  ul  fill, 
IiiiiIm'I  steel  eti  is  nislilili  lent  ill  III. IIIN 
i.ises  mutlieis  niieeiinumie.il.  Siime- 
tniles  it  IS  slieei  NN  .iste  liei  .lilse  it  is 
nielleetll.il  III  .iililltluil  .it  nie.it  ileptlls 
NNe  .lie  pieseliteil  NN  itli  till’  liK  k-limst 
piulilem  NNliereni  tlie  link  in  pill. ns 
limsts  NNitll  CNplusINe  tune  liei.iliM'  ut 
llie  nie.it  lu.iils  tlieieun  ulteli  NNitll  (lis- 
.istiuiis  elicits  tu  men  eipiipment.  .mil 
NNuikinns  I  lie  iletei min. itiun  ul  .m 
elleitiNe  eeunumli  .il  suliitiun  tu  tins 
|iiuli|em  ul  ileptli  IS  .imuiit;  tile  must 
piessmn  piulilenis  l.ieinn  tlie  miilei'- 
niunnil  nnmnt;  iinlnstiN  tuil.iv. 

Vs  pii'NiuilslN  nnlli.iteil.  tlie  Hle.itei 
tin-  mine  ileptli  tlie  mure  pill. ns  ul  uie 
niilsl  lie  let!  tu  snp|)uit  sli.ilts.  Nvuikinn 
pi. ices,  .mil  I'uiiNeN.inee  upenint;s. 
Ilieietuie.  .it  nn  .if  ileptlls  tile  peleeil- 
t.ine  ut  uie  IiuiIn  I'Ntl.ii  tiun  is  luNNeieil 
.mil  iiinsiilei.ilile  e\|ieinlitmes  .ne  in- 
I  mil'll  lui  .iililitiun.il  snppuit  lor  .le- 
eiiletil  .mil  link  linrst  insm.inee.  .mil 
lui  l.iliiii  VV  lieie  sill  II  il. lingers  e\ist, 
men  .lie  lu.illi  tu  NNurk  exeept  ill  .1 
piemnmi  nn  .ii;e. 

I'.iilmes  in  pill. ns  .mil  khiI  result  in 
ilisturtiun  mill  ilelurni.itiun  ul  tlie  rest 
ul  tile  i;euluv4ii  stiiiitme.  NNitll  li.iil 
elleits  un  till'  iitlier  ore  liuilies  I'on- 
t.imeil  tlierein.  nnIiiiIi  inere.ise  tlie  ilil- 
lii'iiltN  ul  mniiii!'  .mil  ileire.ise  tlie 
peleelit.ine  ul  I'Ntl.iitiun  tll.lt  III.IN  lie 
I'Npei  ti  ll  tium  Niinm  uie  lluilles 


>iirfiie«*  KITitIs 

In  IiiuIiIn  niiliistri.ili/eil  .mil  .it^iiiiil- 
Im.il  .iie.is,  till'  minint'  ul  ure  liuilies  .it 
liie.it  UI  sli.illuNN  ileptlls  results  in  ilis- 
tmlnnn  elleets  un  siirt.iee  tupunr.ipliN 
tliereliN  .illei  tini;  smi.ii  e  stun  tines  .mil 
.ini ieiiltiire  I  lie  liiiiliK  iniliistri.ili/eil 
I'eiinsN  In  .mi.i  eu.il  leniuns  .it  Ser.mtun 
.mil  VV  ilkes-li.irre  .ire  illnstriitiN e  ul 
tins.  Suit. lie  elli'i  ts  iiKiN  lie  minimi/eil 
Iin  piiui  eunsi'iN  .itiun  pr.ii  tiees,  tin 
I'N.imple  Iin  le.iN  ini'  must  ut  the  ure 
miilert;rumiil  liir  snppurt.  iir  Iin  iisinii 
I'NpensiNe  snppurt  metliiiils  sneli  as  fill 
Ul  .iililieial  Mippiirt. 

I'll  help  iiNereume  tin-  ililfiinlties  in 
toil. in's  mniinu  metliuils  .mil  prme- 
iliires.  till'  neiilr.iiiment.i!  minin'’,  snp¬ 
purt,  .mil  I'untriil  metliuils  are  [ire- 
senteil  NNitll  illnstr.itiuns 

<•t■ofr!l^lnenllll  VlelhiMln 

riie  li.isis  liir  i'eulrai;ment.il  mefli- 
iiils  m.iN  lie  st.iteil  .is  IiiIIiinns: 

V  i^iNi'ii  NNi'iiilit  ul  m.iterial  in  the 
siiliil  st.ite.  VV,  h.is  a  Niihmie.  V.  anil 
N.iriuiis  stientiths  .mil  miiihili. 

VV  Ill'll  fins  m.iteri.il  is  Irai’meiiteil  Iin 
I'NpliisiNi's.  eriishin^.  in  li\  uther  means, 
its  Nvei'^ht,  VV.  rem.iins  tlie  same,  lint 
its  Nuhnne.  V.  inireases  tu  an  amuimt 
ei|n.il  tu  I 'i  \  •  .  The  I'limpressiNe 
streniith  ul  the  m.iteri.il  nnIu'ii  inn- 
fiiieil.  .ippru.ii'hi's  th.it  Ilf  the  siiliil. 

It  111. IN  he  leasiineil.  thereliire.  that 
il  .III  upeniii'4  is  maih'  miileri'riiimil. 
.mil  the  m.iteri.il  .iliiiNe.  heliiNN .  iir  tu 
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till'  Miles  III  tills  iijM'liilie  till  .(  slltlliieiit 
.iliiiiiilit  IS  li.ii^iii  "iiteil  In  .iin  |)liKe- 
iltiie  flin  ti.ii;meiiteil  iii.iteii.il  mil  e\- 
|I,1II(I  Ml  viililMie.  e\eit  tune,  .ilill  ser\e 
to:  (.!'  I'lHitriil  tlie  .iiiiiiiiiit  tlie  iner- 
Uiiii;  ni.iteii.il  ni.iN  siilisiile;  (li)  lie 
siilliueiit  til  iiilli|)letel\  sii|>|)iiit  the 
inerKiiii’  iii.iteri.il.  (  e  )  lii'  Mitlieieiit  to 
exert  liini-.  or  lilt,  on  the  ni.iteri.il  o\er- 
l\ini>  it.  .mil  siile  pressines  on  the 
ni.iteri.il  .iloiii^siile  .mil  e.inse  the 
ni.iteii.il  to  mine. 

.Sniif  the  Mihniie,  anil  thereton-  the 
loiee  everteil  In  a  ijiv  eii  weight  ot  eon- 
tiiieil  siihils.  inire.ises  as  the  p.irtiiles 
or  Ir.n4nieiits  heeonie  eijii.il  or  nnitorni 
III  si/e,  the  introihutioii  ol  evplosnes 
(  liipnil  \  .iriet\  )  into  .1  eonfinetl  m.iss 
III  Ir.n^nients  ni.n  ser\e  to  proiliiee  a 
nnitorniitx  in  si/e  wliiili  will  ha\e  the 
etiei  t  ol  nil  re.isme  the  tones  exerteil 

The  neotl.l^ment.ll  priK-eilnre  ni.i\ 
lie  expl.iineil  Inrther  .is  lollows;  If  it 
is  .issnnieil  th.it  .1  niineil-ont  openini' 
(>  It.  Iiieli  is  .i\ .lilalile.  anil  th.it  thi¬ 
ll. il^nienteil  m.iteri.il  in  the  riMit  or  hot- 
tom  ini'ieases  one-h.ilt  in  \ohinie,  then 
it  holes  an-  ilrilleil  anil  lil.isteil  anil 
lire.ik  ilowii  12  It.  ol  rool  or  liottoni 
link,  the  niereaseil  \  ol  nine  w  ill  he  I S  It. 
riie  room  then  w  ill  he  eonipleti-lv  filleil 
with  IS  ft.  of  hroken  rink,  h.ixiiii'  the 
snppoitiii!'  power  of  the  hroken  roik. 
hnf  i-M-rtini'  no  npwaril  pressure  on 
the  neoloijii-  seetion. 

I  low  ever,  it  the  ilrill  holes  are  ot 


sntlii'ient  length  to  hl.isl  nion-  th.m 
12  ft  ot  riMit  or  hottoni  link,  thi-ii  a 
piessnre  will  he  eveiteil  at^.iinst  the 
t;i-oloi'ii'  seition  of  .111  .mionnt  whiili 
inav  Im-  iletei  nnni-il  In  i-\pernnent 
I  he  tr.ii^nient.ition  ol  siii  h  .1  ipi.mtitx 
max  result  in  an  npw.inl  niinement  ol 
the  inerhini'  m.iterial.  a  siilewise 
nioM-nu-nt  ot  the  soliil  rihs.  or  Inith 
l-’roin  the  preieilinn.  it  m.iv  he  re.i- 
soneil  th.it  ^i-ofraiinient.il  niethoils  pro- 
\  iile  ei-oiiomiial  priH.-eihires  for  nsine 
till-  ni.iteri.il  in  tin-  i-arth's  i-rnst  to 
.U'isini|)hsh:  (a)  an  inerease  in  the 
ilepths  .it  which  workings  iiiav  he  eai- 
lieil  on  h\  priniilini'  .1  ine.ins  for  re- 
lievnit’  nnne  jiillars  of  load  anil  stress, 
rhis  is  a  proposeil  solution  to  the  roek- 
hnrst  |nohleni— a  solution  nineh  sonitht 
after  .it  |)n-sent;  (h)  an  inerease  in  the 
pereenta^e  of  exti.iition  from  all  ore 
hollies.  It  follows  that  the  1^-011011111.11 
support  inethoils  presenteil  hen-  reiliii-e 
the  ore  pill.ir  reipiirements,  ( i- )  eon- 
sere  ation  of  the  reni.iiniler  of  the  Heo- 
loyie  sfriiefiire  anil  the  minerals  eon- 
t. lined  therein  tor  future  use  and 
ei-onomieal  extr.ietion  h\  pros  iilini'  for 
the  support  neeessarx  to  minimi/.e 
delorni.ition  anil  stress;  (  d  )  minimi/ini' 
or  prexentinii  surf. ice  siihsiilein-e  and 
surf  act-  strnetnr.il  lailnres  hx  proxidini; 
the  nect-ssarx’  siijiport.  It  serxes  as  a 
i-onserx  ation  and  eeonomieal  measnre 
in  ni.ikint'  ax.iil.ihle  niiner.ds  xxhere 
popni.ition  is  dense;  (e)  control  ol  the 


defoi ni.ition  ol  solution  he.iime  oxer 
lx  iinj  hells  so  .IS  not  to  end.mt;ei  piesent 
or  tiitnie  nnne  woikmt^s  fioiii  mfloxxs 
of  .mx  h<pnd 

\|iplii-iilioii  l*r«M-ediir«‘!> 

/.one-  iiikI  ininine  in  rrlii- 

'  tn  rhf  thin  anil  fiat  or  x/ie/it/i/  iin  /inei/ 
i/epovifv. 

The  mi'thod  is  ilhistrated  in  l-'ii;nie 
I  .1  pl.m  X  iexx'.  .mil  in  Fii'iire  2.  .1  sei  - 
tion.  M.mi  entries.  I.  pillars.  2.  and 
erossi-iits  and  stoppings.  .’T  .ire  c-oii- 
strnited  in  .mx  nnniher  as  reipiiieil  hx' 
l.ixx  Thex  are  slioxxn  xxith  txxo  mam 
entries  serxiiiiH  the  .ire.i  .ihoxe  ;md  .1 
siniil.ir  nmnher  serx  in^  the  .iri-.i  heloxx 
(,'ros.s  entiies.  4.  xxith  their  pill.iis. 
erossents.  and  stoppings,  serxe  to  de- 
line.ite  a  p.mel  or  seition.  .mil  the 
len^th  of  xvoikimr  l.iit-.  .').  There  is 
notlnni;  prescriheil  ;ihont  the  nnnihei 
ol  ni.iin  .mil  eross  entries  to  he  nseil, 
thex-  ni;ix  he  inc-re.ised  or  di-ireased. 
\s  slioxxn.  thex  .ire  t.mnh.ir  to  co.il 
mining  o|)er.itors. 

The  xxiiikm^  priKt-iInre  is  .is  lol- 
loxxs: 

l.'Tlie  xxoikmi'  l.ice.  .■>.  is  est.ihlished 
.idj.iit'iit  to  the  entrx  protei  tion  piT 
l.ir.  S.  .mil  is  to  adx.mit-  npxxiird 
\dx.mct-s.  (i.  .mil  i-rosscnts  .md 
stop|)ini;s  7.  .ire  est.ihlished.  prox  id- 
ini'  for  the  free  nioxenieni  ol  air  .mil 
ni.iteri.ils  aloni^  the  xxoikin^  I. ice. 
'The  air  is  slioxxn  hx  .irr-ixxs  .is  ti.ixel- 
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iiia\  Ih'  iiKrras<'<i  nr  ilrcri-uwil. 


II  il;  iloiii  I  i^lit  til  lit!  Inn  1 1  till'  iii.iiiiN 
tliniiii^li  till  iiiliv  (  nisN  I'litiii's  I  till'll 
tllllllinll  IIIISMIll  7  .lllllll^  VMIlklllt^ 
l.iii-  till'll  tliiiiii^li  till-  iiiilli\  (HISS 
I'litiv  I  till' ii\ I  II  .1st  .mil  iiitii  till' 
I I'tiii II  III. nil  I'liti \ 

1  \ii  mull  II  lit  III. IN  III  III. IN  lint  In- 
III. nil  .ilniii;  I'.iii  ~t  I  In-  iisr  iit  .ill 
iliiili'li  lit  ili'|)i'iiils  nil  tin-  lii.iti'i  l.il 
iiiiiii'il  till  st.iti'  l.iNN  .mil  till'  ill'. 
III. mils  III  till'  iiis|ii'(  tinii  si'iN  11  r  It  IS 
lint  sliiiNN  II  Ill'll  I  III-  nil'  III  (ii.il  I.K  i'. 
~}  lll.i'^  III-  ilillli'il  Ini  lil.istllii;  NNitll 
Iniii;  linli's  III  |l.il.illi'l  In  tin-  1.1(1- 
ni  slinit  linli's  II  pii  |>('ii(li('nl.n  In 
tin-  t.Ki- 

\  l.nnn  linli-  iliillilii;  .lllil  lil.istini;  ID 
NNlll  ll'SIlIl  III  till-  (llllipll  tl-  ll'lll^tll  III 
l.iii  III  11114  lil.isli'il  Ini  till-  lull  .iil- 
N.iliii-  Slinil  linli-  1I11II11114  .mil  lil.isl 
IIII4  II  pi'lllllls  I1I.ISI11114  III  si'diniis 
.ilnlin  till  I.KI-  III  .(liN  (li'Slli'il  li'imlll 

I  Mil  l  Iil.islllit4  till-  In.iilllii4  lii.K  liilli- 
is  miiNril  III  .mil  In.iils  tin-  m.ili'i  i.il 
niitn  .1  I  niiN  I  N  lilt;  null  niiln  .1  lii'lt 
ni  iiitni.ns  II  It  m.iN  In-  .issiimi-d 
lli.lt  till-  In.iililin  m.K  lillir  ll  .IN  I'Is  lintll 
ill^lit  In  li  lt  .mil  tli.it  till-  (iiiiNi-N  iiin 
null  HI  nil-  It.iNi'Is  linni  li  lt  tn  iinlil 

~i  Snp|>nit  Ini  llic  iimiI  is  pinNiili-d  ItN 
pinps  III  inni  linlls  .it  pnsitinns  IJ 

I'  innii's  I  .mil  2  I  In- pii'lriird  snp- 
pnit  nil  tiind  IS  .!('( niiipllslird  NNitli 
li-diN  I'l  .dill  mill  linits  .IS  sliiiNNii  lic- 
(.iiisi-  till'  mill  linit  linics.  I  t.  in. IN  lii- 
nscd  .IS  iiHil  lil.isl  linlcs  I  III-  slippiilt 
NN  III  k  InlliiNN  s  (  Insi  In  till-  NN  I II  k  III  tlii- 

In.idinn  iii.kIiiiii'  In  inininii/i-  tin- 
I('iit4tli  III  tiiiic  .1  mill  pnitinn  is  nn 
snppni  ti  ll 

f>  \s  till-  pi. K  inn  III  iii'NN  siippnit  iii-.n 
till-  NNniknii4  1.1(1-  -1.  t.iki's  pl.Ki-,  fin- 
NN  itiidl  .INN  .d  III  till-  n-diN  Cl  .dill-  rnnl 
snppnit  .it  I  nil-  I'l  is  t.iknii4  pl.Ki- 


riii-si-  linli's  .lie  fill'll  In.idi'd  NNifli 
I'spInsiN I's  Ini  li.it^iiii'iifini;  fill-  mill 
7  I  III-  iiMit  IS  llii-n  lil.isti-d  and  tin-  iihiI 

ni.ili'i i.il  IS  li.i^ini-iiti-d  tn  priiNidi- 
snppnit  tn  tin-  iini'iIniiii'  strnctinc 
.mil  tn  .issnini-  .1  pnsitinii  ,is  sIiiinnii 
III  I'  lnini'  2. 

S  ( ainipli-mi'iit.iiN  NNiiik.  sncli  as  tin- 
iiiiiN  11114  III  till-  diiiNi-vni  and  tlii- 
ti.nk  till-  i'ii'(tinii  III  stnppiiii's.  tin- 
ill  IN  11114  III  .iiIn  .nid-s.  and  till- , ((In  anc- 
11114  iMiNNi'i  lini's,  t.ikcs  plad-  .it 
((iiiNi'iiicnt  tiini's  .iltci  nnIiicIi  tlii- 
(N(I(-  is  rcsnnii-d  NNitli  Item  I.  Here 
till-  NNiiik  IS  sliiiNNii  .IS  Iii'jni4  (-allied 
nn.  (Ill  till'  .kIn .111(1'.  ()ii  till-  rcti'iMt. 
.ill  pill. ns  nil  ln(lin^  tlinsi-  in  tin-  ernss 
I'litiics.  III. IN  lx-  ii-iniiNcd  NNitli  III 
NNillinnt  i4cnli.n4in('iif.ifinii  piiid-- 
dnii's  III  tins  (.ISC.  till  (liincnsinns 

III  I'lll.ns  2  and  S  iii.iv  In-  icI.ifiNclN 
sni.dl  Ini  till-  Iliads  tlii-N  snppnit  .ii'c 
ipiitc  sin. ill 

I  III-  nii'tlind  illnstr.iti'd  dinsidcicd  a 
H.iiikIn  ii.nnic  (iiiiditinn  nnIicic  the  iin- 
inedi.ile  unit  dinsists  nl  .1  series  nt  thin 
lieds  ie(pninii4  (iinsi(lei.il)l(‘  snppnit 
tn  pniNide  .1  snlfii  lent  sp.ni.  Ili.  Kii4ni(' 
2.  In-tNNeen  the  NN(iikini4  l.icf  ittid  the 
ti.it4inente(l  ni.iteii.il  Inr  the  free  inoNc- 
nieiit  nl  men  .nid  ei|nipinent. 

With  .1  IknndN n.iniie  strnetnre  diii- 
sislnit4  "I  ihiik.  sfmne.  .nid  nNcrlNinn 
lieds  nnIiuIi  NNlll  .dhiNN  Inr  .1  snilieient 
sp.ni.  If),  unit  holts  ni.iN  lint  he  iied-s- 
s.iiN  It  in.iN.  nnder  d-rt.iin  dinditinns. 
In-  innie  desir.ihle  tn  drill  .md  blast 
iliiNN  n  holes  in  the  hnttnm  riH'k  tn  seeiire 
the  iicd-ss.irN  Nnhnnenf  i4enlr.ii4ment.d 
in.iteri.il  tin  support. 

rite  proper  i4enlr.ii4inental  priKi-diirc 
,111(1  the  dimensinns  used  nnIII.  in  aiiN 
(.ISC.  depend  nn  .1  H.irndN  iiamic  stndN 
of  the  striutiire  .nid  eNperiinent  to 


deterniine  the  dinst.mts  fni  the  tr.i^- 
inented  inateri.d. 

'I'lie  inethnd  deserihed  has  the  fnl- 
loNN  11114  -'‘I' .mtai4es. 

I  \  (iiiKi'iiti.ited  .irea  Irnin  NNliith  .1 
hi^h  tnnnai4e  in.iN  he  maint.iined. 

2.  rlie  c  ross  entries,  4.  iiiav  he  Milfieient 
in  nnmher.  nr  eNfended  for  snlfieient 
lenyfhs.  tn  priiNide  stnrai4e,  shop, 
nilid-.  re|)air.  and  the  nfher  neci-s- 
s.iry  l.icilities  elnse  to  the  |)niiit  of 
pri  nliietinn. 

k  'Hie  Ieni4fh  nl  l.ice  inaN  he  Reared  tn 
the  e.ip.ieitv  of  the  eipiipmeiit.  For 
ex.nnple,  a  Ina(hni4  ii>ac'hine  nn  ith  a 
I  .VHI-tnii  cap.ieitN  per  Nvnrkin;'  shilf 
NNill  liaNc  a  faci-  leiiyfh.  dependent 
nn  the  height  nl  ore  .nid  depth  nl 
eiif,  snilieient  to  pros  ide  tons, 

1  \n  nrderlv  l.iefniN  sNsfein  seipieiiee 
ni.iN  he  empInNcd  such  .is  ore  nr  dial 
I(>a(lini4  and  ciiiiNeN  ing.  InlloNved  Iin' 
riMil  holt  (hilliiii4  and  placing,  ore  nr 
cD.d  1.1(1-  (Irilhiii4.  (DUN  (-villi'  (-(jnip- 
inent  innNini4.  r(-in(>Nal  nl  kmiI  holts. 
.111(1  till-  In.i(lini4  -*'‘<1  NhiM>tini4  nl  tlu- 
Kipiiri-d  drill  hnh-s  tn  proNidi-  hnth 
l4(-nlrai4in('nfal  support,  and  orr-  nr 
dial  Inr  the  I(ia(hnt4  (i|nipm(-nt. 

'I'lie  inethnd  is  aiiK-ndahh-  tn  aiiN'  and 
all  tNpes  nl  (iintinnnns  niiiiiiii4  ma¬ 
chines.  Inadi-rs.  diiiNi-Nors.  and  hanl- 
ai4e  units. 

K(M-k-Kiirnl  r.oiilrol 

'I'lie  applicatinii  nl  ^(-nfra^iiK-ntal 
methods  Inr  the  diiitriil  and  relii-l  nl 
riK  k-hnrsts  is  illnstr.iti-d  as  InlloNvs: 

Fiiinrc-  '4  sIkinns  a  I'dilni'ic  strncfnri- 
.mi(-ii(l,(hl(-  to  riK'k-hnrsfs.  The  (h-pfli 
Irniii  th(-  snrf.Ki-  is  gre-at.  The-  hi-ds. 
2.  .4,  and  4.  .in-  nl  ciiiisiderahh-  thick- 
iK-ss  and  str(-ni4th  and  Nvill  support 
fh('mselN(-s  ()N(-r  I.iri4e  sp.ms  Ns  ith  mini- 
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iniiin  tlctonn.itioii.  I  Ik'  on-  IhkU  in.i- 
frn.il  ill  I’ill.irs  (\  7.  S.  .mil  is  strom; 
.111(1  cxliiliits  liiiistint’  tciiilciii'ics.  It  1, 
IS  tlif  (list.mi'c  lictwccii  pill.ii  ii-iitcrs 
.111(1 1’s  is  flu*  wcii'lif  |)cr  unit  of  iii.itcri.il 
to  till-  siirt.icc.  tlicii  till-  pill.ir  lo.ids  = 
I’s  \  I..  II  PsI,  is  ot  .1  siifficiciit  .iinoiiiit. 
tlic  pillar  will  hurst. 

lU  drilling  .iiid  hlastiii^  tra^inciit.i- 
tioii  holes.  1(1.  ill  the  Ixittoiii  lu'twceii 
pillars  tor  .i  vertical  dist.iiice  greater 
than  twice  the  height  of  the  ore  ImkIv, 
the  Ixittoni  riK'k  fr.ii'iiiented  will  in¬ 
crease  ill  volume  to  such  an  extent  as 
to  exert  forces.  1 1,  on  the  ijeolo^ic  struc¬ 
ture  above  the  ore  ImmIv,  thus  relieviiu' 
the  pillar  (if  |)art  of  its  load  and  its 
tcndeiicv  to  hurst. 

Kill  and  Frafciiienlalioii 

Where  the  ore  hodv  is  thick  and  fill 
is  av  ailahle.  the  amount  of  drilling  and 
Ir.ii'iiieiit.ition  iiiav  he  reduced.  This 
is  ilhisti.ited  in  Figured,  Iretvvcen  Pil¬ 
lars  6  and  7.  The  fill,  12.  is  placed, 
alter  which  holes.  13.  are  drilled  and 
blasted  to  Irai'iiient  the  rixif  in  an 
.mioiint  sufficient  to  jrrov  ide  tor  up¬ 
ward  pressures,  II,  on  tin*  structure 
between  Pillars  ft  and  7.  ( See  Figure  3. ) 

For  the  condition  as  illustrated,  Pil¬ 
l.ir  8  will  he  sale  for  men  in  openings 
made  therein  for  haiilai'e,  shops,  etc. 


Pillar  S  will  tend  to  hurst. 

\s  a  metluHl  of  preventing  nnk- 
hursts.  fill  is  not  efiective  in  either  fl.it 
or  dipping  de|x>sits.  where  the  h.inij- 
im;  wall  beds  are  thick  and  deloriii  a 
sni.dl  amount  over  lar^e  are.is.  thus 
transmitting  l.irije  pillar  lo.ids.  because 
.ill  fill  deforms  w  ith  pressure.  Fr.inmeii- 
t.ition  of  the  h.m^in^  or  fiHitwall  riH-k 
to  put  the  till  in  a  position  to  t.ike  loads 
and  exert  it  on  the  f  ranmented  nn  k  and 
I'eoloi’ic  structures  is  necessarv  to  re¬ 
lieve  pill.ir  loads. 

The  application  to  inclined  beds  m.iv 
be  envisaged  bv  tiltinj'  Figure  3  at  an 
.mi;le.  .\s  the  anule  becomes  steep,  the 
stress  component  exerting  pressure  on 
the  pillar  appro.iches  the  hori/ontal. 
It  is  normallv  referred  to  as  a  side 
pressure. 

riiiilrol  of  Itolloiii  lleuxe 

Hottom  heave,  or  the  tendenev  of 
the  bottom  to  rise  in  mine  workings, 
mav  be  considered  to  be  due  to  hi^h 
unit  pillar  loads  on  the  mine  bottom 
rock.  These  loads  exert  lateral  forces 
on  the  bottom  rixk  which  cause  the 
bottom  rock  to  flow  and  rise  in  open¬ 
ings.  The  cost  of  maintaining  openings 
under  such  conditions  mav  Iw  exces¬ 
sive.  This  condition  mav  be  relieved 
bv  the  use  of  geof ragmental  or  geo- 


fr.igment.il  .md  fill  methiKls.  vvhii  h  de- 
cre.ise  the  unit  lo.id  on  the  pill.ir,  .md. 
therefore,  on  the  Ixittom  rixk 

(ie-'f  ragiiH'iit.il  oi  geofr.igmental  and 
fill  methods  mav  be  used  for: 

(aintrolling  the  .iinoimt  of  geologic 
deformation  and  smf.ice  subsidence, 
h.  Sup|X)rting  .md  realigning  sh.ift 
are.is.  and 

().  To  provide  for  deform. itions  which 
will  re-elevate  subsided  smf.ice 
.ireas. 

.\.— The  amount  of  geologic  and  snr- 
lace  deformation  mav  be  contiolled  as 
follows:  If  in  Figures  1,  2.  and  3  the 
phvsic.il  support  pro|)erties  of  the  frag¬ 
mented  niateri.il  or  fill  and  fragmented 
ni.iteri.d  were  determined,  then  the 
amount  necessarv  to  provide  the  de- 
form.ition  .md  support  reipiirements 
could  be  calculated. 

H.— The  support  and  realigning  of 
sh.ift  are.is  mav  be  obtained  bv  creating 
a  geofragment.il  support  area  siilli- 
cientlv  in  excess  and  under  the  area  re- 
(piiring  su|)port.  increasing  the  iipw.ird 
forces  estini.ited  as  necess.irv  to  re¬ 
align  at  the  reipiired  positions  bv 
additional  geolragment.ition.  or  in¬ 
creasing  the  uniforniitv  of  the  frag¬ 
ment  si/e  bv  addition.d  fr.igment.ition 
with  explosives  at  the  position  reipiir- 
((.'ontimied  on  page  Ifil  ) 


Kiuiirc  This  (tniuing  illiistrales  a  geohigii  striicliire  amriHfable  to  r<Kk-biirsts.  The  application  of  I'eofrai'ineiital  inetfHHis  lor  tfie  control  and 

relief  of  rtHk-biirsts  is  indicated. 


THE  E.XPl.OSIVES  EM.INEEH  •  SEFTEMBI  K-(K  TOBEK,  l<t.»2 


I.T-J 


I  UK  gr\i<KV  y\ih:  Tht* 
rmk  in  the  l>rt‘ssrr  <|u;irr\ 
is  a  hard,  hUnky  bawlt 
fonnalion.  T)k*  height  of  iIm* 
lace  ocer  the  three  tiiiineU 
varied  uiiilonniv  ln»in  75  It. 
at  oite  end  to  fMt  It.  at  the 
4>ppc»vile  end.  The  burden  ol 
rtH'k  in  place  over  tlie  tunneU 
totaled  WI.(HM)  cii.  vds. 


TLNNKL  BLAST 


l\  A  W  ISrOXSIX  AkkY 

llirt't*  tiiiiiififi  l4»u<it*(l  with  pciunds  dynuniile  were 

III  4»ll«*  Mnut  III  priidure  •125,000  tuns  iif  hriihen  nliine 
fiir  I)  rt‘MMt‘r  I  rap  U«>rl(  C^tinipuny 


f !  reft 


J<  )M\  (  .  Kl(  II AKDS.  JK.* 


Iiilis  \\  (  SIH  It  .1  |)liilii'(’l  III  tile  pill 
iiiiitiiiii  III  till-  list'  III  ii'iiiliiii  I'll  Clin 
Ill'll  III  till-  I  lllisti  111  tlllll  III  Iillllilllil4s 
.mil  III  iili;i's  iipi'iii'il  .1  ipi.ii  I  \  .mil  limit 
.1  |il.ml  .it  I  >1  I'SM'I  W  IM  IIIIMII  .'itl  llllll'N 
iim till  .i\t  III  M iimc.ipiilis  III  l‘ll  I  til 
piiiiliiii  iiiivlii'il  stiilii'  Ini  I'liiii  ii'tc 
.ii^iii I'^.ilc  Mil  l  Ins  ilc.illi  III  l‘lM 
iipi'i  .itiiiiis  ui'ic  I  iintiimcil  li\  Ins  Inns 
until  I'll'l  will'll  llics  ilci  nil'll  In  ijct 
nut  III  till  ipi.niv  .mil  iiiislicil  stniic 
linsiiii'ss  \n  iippnitnnitv  tn  pinili.isc 
till'  pinpi'its  w.is  nlti  icil  In  linsnii  ss 
nil'll  III  I  )i I  SSI  I  .mil  III  ni'.n  li\  St  (  nils 
I'.ills.  \\  isi'iiiism  riic  ntici  W.IS  .11 
I'cpli'il  .mil  tin  Ini  .il  ninnp  ln'i^.m 
npi'i.itiiins  (iiiii'  I  l‘)l'l  iniili'i  till- 

'III  nulls  1. 'Wilt  I  t  .iiii|>.iii\ 

I  tilllltll  2  Mllllli  snt.l 

I.Y(i 


11. mil' III  Dii'ssi'i  li.ip  HiK'k  (!iiin|),m\. 
willi  |nli'  I  .11  SI  III  .IS  siipci  iiiti'inli'iit  III 
npi'i.ilmn  piiK'ciliiii's.  rlic  c'liiiip.iiiN 
li.is  Im'i'ii  siii'I'I'ssIiiI  liom  tin'  sf.nt 

lliinl.  I  oii^li  l{o<-k 

III!'  ti'iin  ti.i|)  link  is  .1  ciinv I'liii'iit 
lii'lil  ti'ini  Ini  li’iii'iiiis  ruck  tli.it  is. 
link  wincli  ii'siilts  liniii  tlic  .ictiiiii  iil 
intense  lii'.it.  sill'll  .IS  i^i.niiti-.  nr,  .is  in 
till'  I', ISC  III  till'  Dicssi'i  ijii.iriA  Inrm.i- 
tinii  li.is.ilt  ( liimincri  i.il  cinslicil  stone 
priiiinccil  Iroin  tlic  Dresser  rock  meets 
till'  most  I  mill  tests  lor  li.irilness. 
ton<;lnn'ss,  .mil  iliir.ilnlitx  .  It  irnslies 
into  |.ii;i;eil  pieces,  iiexer  into  romnl 
pieces  I'oi  tins  re.isnii.  it  mixes  well 
III  lenient  oi  m  Intmmnoiis  m.iteii.il 


One  ol  tile  eomp.mx  's  priiicip.il  outlets 
is  to  ro.iil  Imililers  w  lio  use  the  criislieil 
stone  lor  seal  co.itini;  on  hl.icktop  snr- 
laee  work  Other  uses  inchule  h.illast 
lor  I  .iilro.iils.  filter  lor  sew  .me  ilispos.il 
pi. lilts  .mil  water  snpplx  svsteiiis.  and 
III  .murenate  tor  heaxx-cintx  IIihiis. 

I’rini.irv  hl.istiim  m  the  ipiarrx  is 
done  h\  the  tnnnel,  or  coxote.  method. 
Mter  hl.istiim.  the  hrokeii  rin  k  is  ex- 
eax  .ited  with  poxx  er  shox  els  and  loaded 
into  mine  ears  tor  transportation  hv 
r.iil  to  the  ernshiim  plant,  a  ilist.mee 
ol  .ihont  one-  h.ill  mile.  At  the  plant 
the  hroken  rock  is  dumped  Ironi  the 
mine  ears  into  a  72  hx  S4-in.  priin.irx 
eriisher.  'I'liis  priniarx  ernshiim  'Hi't 
,it  Dresser  xv.is.  until  a  lexx  xi-ars  ai;o, 
the  l.ii'Hest  ol  its  kind  in  the  eonntrx 


ini'.  KXPIDSIXKS  ENC.IM.KH  .  SI- HI  KXIBKK-IK  TOBI' H.  I<l.i2 


ELEV. 


\FTE'K  THE!  HI.^ST:  Th»*  dHoiialhm  <»l  lbs.  ol  ll(‘rrfMiiilf  \  flviianutr  in  ibf 

tbrct*  tiiiinels  priKbutMl  a  sloping  iimmiiuI  oI  broken  nnk  esliinated  at  tons. 


‘re  trails- 
kesor. 


I)V\  WflTF  Sl'PPl.lE'.S:  The  5l)-lb.  cartridges  ol  Hercoinite  \,  packed  in  c-ontainers.  ss( 

{Mirted  in  a  railroad  piisbcar  to  the  tiinrH‘l  areas  and  relased  to  tbe  |>ortals  on  an  abiininuin  < 


I  iIKKK-Tr.NNFL  I.^VOl’T:  This  diagram  indicates  the  overall  lasoiit  of  tlie  three  tunnels  and  thi 
loading  and  stemming  of  TM.fNNI  lbs.  of  dsnarnite  in  the  uings.  or  drifts,  of  each  tiiniH*l. 


TUNNEL  No.  2 


TUNNEL  No  3 


TUNNEL  No  I 


DYNAMITE  CHARGES 


Q  STEMMING 


nil-.  KMMOMNKS  KM.INKI-.K  •  SKPri-  MBI- K-«K  TOHKK.  I•».^2 


H(  jHMts  HmIm  .it(  tfi.tf  HIM'  Utlx  I  Sllltli.tr 
M/<  <1  I  I  ll\l|)  I  IS  IlOU  III  l>|M'l.ltl(lll 

l)lllllli;  till  l.ltl  IlllllltllS  III  |‘|'>I 
till  1 1 iiii|i.iii\  III. nil' |il. Ills  til  Ini' . I  III. isl 
III!  \|.i\  It  I't'iJ  111  llini  liiiiiii'Is  .it 
mil  liiiii  III  till  ijii.iiiN  I  III-  tliiri’ 
liiiiiii  Is  vsiii-  iliiMti  Inn  i/iiiit. ills  mill 

till  I|I|.|||\  l.nr  .it  limn  li'Si  l  l-.n  |i 

7tl  It  ill  I'll  l‘l  It  ll|n|l  .mil  \  It  SSIlIl 

I  mill  till  I'liils  III  tlii'si'  tiiiiiii'Is  iliilts 
iiivsiniis  \s  nr  ill  i\ I'll  I  In  tiil.il  li-niitli 
III  till'  SIS  w  inn  timiirls  liinn  mil  tii  riiil 
ss.is  .iliiinl  II')  It  I  III'  lirinlit  III  till' 
I.II  I  III  link  IIM'I  till-  Iniinris  s.niril 
iniiliiiniK  liinn  7*)  It  .it  niir  rnil  In 
'Hilt  .it  llir  ii|i|iiisiti  I  nil  I  III'  liniilni 
III  snlnl  link  IIM'I  till  tliii'i  tinini'Is 

I I  it.  ill  1 1  ‘HMHIII  (  n  \  ils  I'.ist  I  s  1 11  I II  IK  r 
Hill  (  .ill  nl.it II nis  inilii.itiil  tli.il  llir 
lil.ist  ii'i|nniil  .i|i|)iii\nn.iti'K  7‘MMIII 
Ills  III  iKii.iinili'  It  SS.IS  ili'iiili'il  til 
lii.iil  till  ils  ii.iinitr  nitii  IS  |>in  ki  ts  ni 
till  SIS  ss  mns  III  till  lliii'i'  tnnni'Is 
\l  I  .11  li  III  tlii'si  IS  liH.iliinis  ss  Ill'll' 

ilsn.iniiti  ili.ii'^i's  SSI  II'  til  III'  |)l.i(ril 
till-  si/r  III  till  liinr  SS.IS  ili'i'|)i'ni'(l  .111(1 

ssiilini'il  slinlitls  \n  .i(  1 1  nn|i.ins  iiii^ 
ili.issinn  niilii  .ill's  till-  l.isiinl  nl  tin 
tilin'  tniini'Is  till  liH.itliins  nl  tin 
|>nssili'i  |>n(  ki  ts  .111(1  till'  sti'innnii'.^ 

I  In'  ilsn.iinitr  srli  i  tnl  Ini  llir  lil.isl 
SS.IS  llrtinmitr*  \  ssilli  1 1  tt  I  Ills  nl 
( .1  l.iniilr *  |)  .IS  .1  |iilinrt  (  li.iinr  in 

I  .!(  Ii  nl  tin  IS  (  li.iinrs  I  In  llrirn- 
niltr  \  ils  ll.iniltr  SS.IS  jl.K  kill  III  'HI  III 
J{(i  innt.iiiiris  Tins  rlinini.itril  tin 
nnrssils  nl  n|ii  liinn  llir  (  .ISI  S  .ilsnllir 
ilis|)nsin'4  111  till-  rni|)ls  ( .isrs 


S||  MMI\(.  <  )ri  l(  \  I  It  INS:  Uinnldi  Inises.  didi  liiudcd  ssith  appriisiinutels  I  ('ll.  It.  nl 
stiiiic  s(  rci'iiiiiKs.  ucrc  niiiscd  iiilii  tlic  liiiiiicls  on  the  uliimiiniiii  (iiiivrsiir  liir  use  as  stemming 
iH'tsseen  llie  dsnamite  cliarges  and  in  the  stems  of  tin-  tunnels. 


I. (Hilling  ( l|M'riilinni> 

I  n  I, i(  lilt. ill'  In.idmo  tin-  dsn.imitr 
(  li. lines  III  till-  tnnnris.  .ind  tlir  striii- 
ninin  lirtssrcn  tlic  (li. lines  .ind  mil  In 
the  tlilee  |>mt.ds.  .ilinilt  2lN)  It  nl 
.dnmininn  i^i.isits  ennsesnis  in  lO-lt 


I  In'  escelleni  li.igint'nl.ilion  iiht.nned  is  esident  in  this  siess  nl  the  smith  end 
III  iIh'  ipiarrs  sikmi  alter  the  lliree  lnniH'l  hl.isl  had  Ih'cii  lin'd 


sectiniis  sseic  used,  llies  ssere  linlil 
III  sseiuhl  .111(1  c.iss  In  li.iiidlc.  'I'lic 
(Is  n. unite  emit.iiiici  s  .iiid  the  Ixises 
In, idl'd  ssith  steininiii^  rode  easils  and 
(|iii(  kis  nil  tliciii.  theirlis  eniisidcrahls 
redneini;  the  time  iisn.ills  |•e(|nil('d  tni 
such  tniiin'l-ln.idiiiir  actisities. 

'I'he  dsii.imite  ss  as  traiis|)nitcd  Irniii 
.1  cciitr.il  stni.ine  point  to  tlic  area  of 
the  tnniiels  l>s  me.iiis  nl  a  railroad 
piisliear.  rpnii  arris  al.  it  ssas  assem- 
hled  in  separ.ite  piles  in  predetermined 
.imnnnts  enrres|>nn(liin'  to  the  pockets 
into  ssliieli  it  svas  to  lu'  loaded.  Stone 
screenings  tor  stemmini;  svere  un¬ 
loaded  ,111(1  piled  near  the  port.ils  ol 
three  tunnels. 

l.o.idini;  oper.itions  ssere  st.irted  on 
Mas  7  ol  this  ve.ir  and  ssere  continued 
lor  2(1  hours  each  das.  the  svorkmen 
operating  on  tss'o  l(l-honr  shifts.  The 
d.is  shift  h.iiidled  the  loadini'  of  the 
evplosises  and  the  ninht  shift  tiHik  care 
of  stemmini'  operations. 

\tter  the  consesors  ssere  assemhied 
inside  the  tnnnels  .md  the  s\  ini's,  load- 
iim  the  dsn. unite  into  the  ssiiii;  e\- 


DKKSSKK  ( OMPAW  KMPl.OYKS;  Some  of  th«r  ijUiim  and  plant  rmplotrs  of  l>res\fr  Trap  Rmk  Coinpanv  pose  (or  a  croup  pietiirr  in  front 

of  the  office  at  Dresser.  \A  isconsin. 


ItIK  t-API  <»SI\ KS  l-At.IVKKK 


fl  I.K  I.AHSOV:  The  photocrapher  t<M>k 
a  picture  of  Dresser's  Superintendent  Jnie 
■  arson  standini’  aloncside  a  pile  of  flerco- 
inite  \  dsnaniite  in  containers  near 

oiH'  of  the  tunnel  |>ortals. 

trfiiiitirs  was  started.  Two  lines  of 
1*1  iinac'oid.  one  line  on  eaeli  side  of 
each  win^.  were  hronulit  torward  in 
advance  ot  the  loading  activ  ities.  (Toss 
ties  ot  I'liniaeord  wt-re  made  tlnon^li 
the  (a-lamite  I)  priming  eharnes  to 
eat  h  of  the  main  I’rimaeord  side  lines. 

Sleiiiiiiin^  the  (iliarffea 

The  stone  sereenini’s  nsetl  as  stem- 
mini'  material  wfre  loaded  into 


wimhIiii  hoves  and  transported  over 
the  same  ainmimim  eonvevors  which 
tallied  the  dvnamite.  Thesr-  Inives. 
eoiitammi'  approvimatelv  1  eii.  ft 
ot  sei»‘enini;s,  were  liaiidled  easilv  hv 
the  men  woikini;  inside  the  tunnels. 

Ml  tfie  dviiamite  tharijes  were 
loaded  within  the  drifts,  or  wini;s. 
After  the  wiiii;s  of  the  tmmels  had 
fteen  eompietelv  filled  vvitfi  stemmini;, 
I’nmat'ord  cross  ties  were  made  and 
the  m.iiii  tunnels  eompietelv  filled  w  itli 
steninnnu.  (Toss  ties  of  Primacord 
were  m.ule  aloiii'  the  stem  of  the  main 
tmniels  as  added  assurance  ai^ainst  the 
|>ossit>ihtv  of  one-  of  the  lines  fK-iin; 
inadvertentiv  cut  in  the  loadiiii;  or 
stemmini'  operation. 

To  insure  intimate  contact  and  posi- 
tivf  I’rnnacord  connections,  friction 
ta|M‘  was  used  to  cover  eacfi  f’rim.icord 
connection  knot. 

After  the  final  stennniii^  had  heen 
completed,  the  ipiariv  Himii  area  was 
cleared  of  trac  k.  electric  hi^htiii^  facili¬ 
ties.  loadnii'  and  liaiilini;  i‘tpii|)ment. 
and  dehris.  One  main  line  of  I’rima- 
cord  was  strmin  aloim  the  (jiiarrv  floor 
in  front  of  the  tmmels.  Kach  hraiich 
line  of  I’rimacord  from  each  tnmiel 
was  tied  into  the  main  line  and  electric 
iilastin^  caps  were  connec  ted  .it  each 
end  of  the  main  trunk  line*.  'Hie 


leij  wires  ot  tlie  electiu  fil.istini;  c.ips 
were  coniiec  ted  m  series. 

An  electric  filling  line  vv.is  laid  from 
the  tmmel  poit.ds  to  .1  filing  switch 
winch  VV.IS  eiieri;i/c-cl  from  .1  22<f-volt 
A  (  |»ovv cT  somce, 

Hlasl  'leleviHC'cl 

Ifefore  tfie  hl.ist  vv  .is  firc'cl.  nc’W  s  ot 
it  fi.id  crc’ated  a  lot  of  intc'rest-it  was 
piil)hci/ecl  over  the  Twin  ( 'itic’s'  radio 
st.itions  One-  TA  st.ition  in  Afnme.ip- 
olis  secmc-d  permission  from  Dresser 
'Ii.ip  ftiK'k  (iomp.mv  to  televise  the 
hl.ist  (’.nnc-r.cs  ecpiipped  with  tc'le- 
photo  lens  were  st.itioned  .it  v.nit.i^e 
points.  A  c.imera-ecpiipped  .lirpl.me 
from  Station  KSTI’-T\'  circled  the 
cpi.iiiv  to  icet  pictures  ot  the  hl.ist  from 
the  air.  Itc'caiise  of  these-  factors,  it 
VV.IS  nc-cc-ss.irv  th.it  the  hl.ist  he  fired 
.it  .1  spc-c  ifii-d  time.  To  he  doiihlv  sine- 
th.it  the  liriin’  circuit  vv.is  o|)i-r.itiv c-, 
the-  line-  VV.IS  tc-sted  ahead  of  time. 
The  tc-st  proved  th.it  the-  firing  line 
VV.IS  in  proper  wciikiin'  order,  .if ter 
wliicli  the  final  connections  vvc-ic-  ni.ide 
•iiicl  tfie  blast  was  fired  on  schedule. 

'file  results  from  this  three-tmmel 
blast  were-  entirelv  satisf .ictorv  .mil 
evc-elleiit  f r.il'nient.ition  vv.is  oht. lined 
Kstini.ites  indicated  th.it  .1  total  of 
afiont  di'j.lKN)  tons  of  iiH-k  vv.ishroken 


IIIK  Mil  l.:  TIk*  mill  al  Haf^clad  was  ori^inalK  to  treat  2..VMt  tons  of  ore  a  day. 

l  ollowiii^  the  sueeessfid  intriKliiction  of  pit  operations,  an  additional  hall  mill  was  installed, 
which  increased  tin*  capacils  to  almut  ‘hSfN)  tcnis  a  das. 


.M  inin^  i’ttpper 

I  •iiiliiiiif'd  Irtiiii  |)  It'*-  I 

IiiIImiIi  •  mi  tl  l<l\%  .it  .1  lll^lll'f  I'll'X  .lllllll 

ill. Ill  till'  mil'  Im'Iiiu  I  III-  liiui'i  lliii'i’ 
MIWS  Wl-ll-  lllllll'll  til  till-  }2S<1  Im'IU  li 
.Hill  till’  ii|i|)ri  Imii  rows  wi'ii-  (irilli'il 
til  iHitlllMI  .it  till-  IVItl  lll’lll  ||  I  Ills  lil.ist 
\\  .IS  I II.  11  If  sii  tli.il  sli  i|)|ilii|’  mi  till-  w  fst 
Mill  -  III  till-  I  lit  (lllllll  IJft  1 1  IK  If  I  w  .i\ 

\iirsin|c  t’ltriiijiliiiiii. 

I  null  till’  \l.iiiii|>miit  III  lil.istini;  llif 

link  lllllll. itimis  .it  H.ii^il.iil  III. IN  Im’ 

iliNiilfil  iiitii  tliiff  I  l.issifii  .itimis  .1 
iiimi/miitf  |im|iliM\  in  nnIiiiIi  tlif  mi' 
minis  .1  If.iilifil  |)m|)li\i\  iinciIniiik 
till  nil’  .mil  .1  I  iini’lmiifi.itf  mi  t(i|i  iil 
till’  llllll  l  InMI  rllf  S|).K  lilies  III  llllll 
liiilfs  .111(1  till’  .inimints  nl  ilMi.iinilf 
(li.iitifs  .Ilf  \. nil'll  til  (it  till'  (iillfii'iit 

tN  |n's  III  i;imin(l 

In  t^flifl.ll  till’  nil’  lllllll. itlnli  IS  t.iiiK 
li.iiil  .mil  III  |>l.i(  I  S  i|nilf  liiittlf.  Nsliii’li 
Ift.iiils  till-  s|  If  I’ll  nl  ill  lllllll;  I  )l  ill  linli’s 
Ilf  Sjl.llfll  (III  12  It  I’flltflS  ,111(1  .III’ 
In.iilfil  nil  .1  li.isis  nl  (1 7  tn  I  III  nl 
■  iNli.llllltf  |)f|  I  III  It  nl  liniili'li  ill 
pl.ii  f  rMi’llfiil  li  .ii;nifnt.itimi  is  nli 
t. mil’ll  limn  tlifsi-  lil.ists  In  mif  si'i  timi. 
l.itlifi  lliiillfil  III  fVli'lil  till'  me  (lllli'is 
limn  till'  nsn.il  liiittlc  Imin.itimi  .mil. 
Ill  iiimini;  |i.iil.mf(’.  is  kiinwii  .is 
tnni;li  lntliisni.itfii.il  llic  di  ill  linlcs 
.Ilf  sp.iffd  I  Insfi  tni;fllifl  nn  .ilimil 
'I  III  III  It  (I'liti'is.  .111(1  till’  (iMi.imitc 
In.idint;  l.iitm  is  ini  ii'.isfd  iii,itfii.ill\  . 
I‘imi.ii\  lil.ists  |iindii(’i'  .1  r.ithi’i  liii;li 
|»f  II  fnl.ii;f  nl  l.iim'  limildfis  nn  Iiii  Ii 
li.iN  f  tn  Ilf  ifdiii  I'd  liN  scfiind.irv  lil.ist 
mi;  Im  i’(’minmi(  .il  li.mdlmi; 

I  Ilf  If. II  Ill'll  |)ni|)liM\  Imin.itinn  is 
snitfi  til. Ill  till'  mi'  nndi'i  In  int;  it  In 
lil.istini;  till'  |Hii|)liNiN  till'  (hill  linlfs 
Mif  sp.iifd  I'l  tn  IS  If  .ip.iit  ,111(1  .ire 
In.idfd  NNitli  ilNii.miiti'  (li.iii;('s  mi  .1 
li.isis  nl  .ilinni  0  «  III  pci  i  n  Nil  nl  solid 
liiiidfii  rllf  ii'snifs  .III' i;(’ni'i.illN  s.itis 
l.iilniN  (  fit. nil  .III. IS  in  this  Imin.i¬ 
timi  tfiid  tn  Ilf  him  ks  .mil  smiic  sfi’mi- 
d.llN  hl.isliiii;  Is  Ifipiilfd 

Most  nl  till'  If.ii  Ill'll  pmpliN  lN  I’lili 
t.nns  snhst.nili.il  .niimints  nl  I’lippci  in 
ihf  Imiii  nl  iiNidfs  .mil  i.nhnn.itfs  .mil 
Is  stm  k  pill’ll  Ini  If. 11  him;  Nsith  .li’iil 
.it  .1  liitiiif  d.ilf  \t  pifsfiit.  the  hii;i;fst 
stm  k  pile  Imiiis  .1  d.nii  .mil  t.iihims  finiii 
thf  null  .Ilf  disposed  nl  hchiiid  it 
I’ndfi  llifsf  I  IK  nnist.mcfs  this  stm  k 
pile  sfiNfs  .1  dn.il  pnipnsf 

In  till’  I’miKlmiifi .itf  Iniiii.itinn  the 

I  (Ml 


s|i.Kini;  nl  diill  hnlcs  .mil  the  In.idini; 
nl  I’NpInsiNcs  ili.ni;fs  are  .ihmit  the 
same  as  in  thf  |)niphNiN  Most  nl  this 
Innn.itimi  is  nnl  h.nd  and  drills  casilv. 
lint  it  inntains  niimcrnns  thin  Livers 
nl  .1  li.iril.  Iiiii'-i;r. lined  matcri.il.  Tn 
nht.iin  s.ilisl.ii  tnrv  tr.l^lllfnt.ltinn  Irniii 
lil.ists.  deck  Inadini;  nl  the  (Ivn.iinite 
i  h,ni;fs  is  stand, ml  priKfilnre.  The 
top  nl  cadi  (In  n.imilc  ehar^e  is  lirnii^ht 
tn  NNithin  IS  It.  Ill  the  top  nl  thf  hnle, 
sniiiftinifs  ,1  IcNV  left  tlnsfr.  'I  his  Ncr- 
tii  .il  sp.ii  ini;  •>)  the  (’(iliiinn  nl  dN’ii.imite 
liimi;s  the  f.irti idol’s  in  ilnser  fiintait 
NN  ith  the  N  .irinns  (’I'liicntfil  l.iNers  nl  the 
lin(’-i;raiii('il  rmk.  .iiiil  insiires  hetter 
lr.ii;ni('nt.itinii  in  priiii.iiN  lil.ists  Nsitli 
nn  ini  ri'.isf  in  ilN’ii.imitf  (’niisiimptimi. 

iliiiilaicf 

Thf  pit  .it  ILi^d.iil  straildlfs  (aipper 
Ciffk  (LiiiNiin  and  hanlai;f  presents 
innif  th.in  the  iisn.il  prnhleiiis.  The 
Im  .itinn  is  iminrtnnate  in  th.it  it  eaiises 
.iilNi’ise  i;r.iiles  Im  hnth  me  .mil  Nsaste 
h.mis  In  the  eaiK  iI.ins  of  |iit  nper- 
.itiniis,  II)  tn  IS  per  cent  i;r.iiles  NNcre 
enmmmi.  \s  the  pit  area  l)ei;an  tn 
esp.md.  .1  slii;ht  rediietinii  nl  grades 
heeaiiie  pnssihle.  \t  |)resent.  most 
i;i.i(les  .ire  held  tn  a  iii.ixiiiiiiiil  nl  12 
per  edit.  I''ntnre  nperatinns  iiiav  tn.ike 
till  tiler  i;r.iile  redtietiniis  pnssii)l('.  at 
le.ist  nn  some  nl  the  h.iiilat;e  mutes. 

riie  Mill 

riie  mill  NN.is  ilesii;iied  mii;iiiallN  tn 
tie.it  2  ntXI  tuns  a  il.iN  .Sinee  pit  (i|>er- 
. itimis  h('i;.in  .mil  me  liee.ime  easier  tn 
nht.iin.  .Ill  .idihtimi.il  h.ill  mill  h.is  heeii 


inst.illed  inere.isin^  mill  eapaeitN  tn 
ahniit  TSOI)  tons  a  iLin’.  Skilled  nper- 
.itnrs  keep  elnse  NV.iteh  nn  tlie  lintatinn 
eirenits  Nvith  the  result  th.it  reeiiN cries 
in  the  mill  have  iiiereased  i;reatlN'  in  the 
past  tNVn  vears.  ’\  hank  nl  lintatinn 
fells  tn  rei’iiNer  mniN  hilemmi  has  heen 
.iihleiL  prcN  iniisiv.  the  mnlvhdemim 
Nvas  Inst.  These  jm|)rnN  ements  luiNe 
heen  iiitrndiieed  thrniii;h  the  initiative 
nl  ('.enri;('  (heen,  mill  siiperinteiiileiit. 

<  tperalioiiH  I'ixpaiiileil 

Open-pit  nperatinns  Ikini'  resniteil  in 
nnmernns  ehan^es  in  and  aroimd  Ka^- 
il.id.  The  hnil(lini;s  nl  the  tiiNNii  Nvere 
liK'ated  nrii;iiiallv  nn  the  smith  side,  and 
.limn;  (aipper  (.’reek.  U’lien  this  area 
Nvas  needed  Inr  stiK’k-piliiii;  oxide  ma- 
teri.d.  the  hnil(lini;s  Nvere  moNcd  to  a 
liK'atinn  2  miles  east,  nn  the  road  to 
Hillside.  Diirini;  World  War  II.  the 
(KiNcrnmeiit  hiiilt  some  small  houses 
and  a  i;r(mp  nl  ap.irtments  on  the  prop- 
ertv.  Later,  these  sites  Nvere  needed  lor 
the  disposal  nl  tailini;s  and  the  hnild- 
ini;s  NNere  mnxed  to  another  liK’ation 
nn  the  main  road.  This  area  is  iionn-  the 
toNvn  III  B.ii'dad. 

The  operatini;  stall  at  ILiud.id  ( .'np- 
per  ( Mirpnration  iiiehides  Krnest  II. 
Dickie,  treasurer  and  general  manai;er, 
(allies  II.  (ai/ier,  I'eneral  superintend¬ 
ent,  (K'nri;e  (ireen,  mill  superintend¬ 
ent,  Dial  linndrmn,  mine  sn|)erinten(l- 
eiit,  (h'nri;e  W.  (  aih  ille.  ehiel  em;ineer, 
halNvard  (hrard,  ennstrnetinn  superin¬ 
tendent.  Walter  I).  De  aeon,  i  liiel  elee- 
triei,m;  tnyether  NNith  M.mriie  Thnn 
•IS  ehief  .leeoimtant. 
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FOR 


"  THE  ^ 

McCarthy 
VERTICAL 
,  DRILL  , 


THE  SALEM  TOOL  COMPANY 


the  reliable,  leading  source  of  supply  since  1882 


l«•^t  lit  <1k'  \tiui-fiiu‘ 

7.  (iolltiol  <li  MirtiUf  Mll»\ul«-|Kt'. 

S  \  tiiiul.iiiU'iitalK  soiiikI  iiiftlxKl  I*m 
soKiiii'  tin-  nn  k-liiirsf  prohlrin 
y.  \ii  imrcMSc  ot  the  il«‘pth  in  thf 
iMrfirs  riiisf  at  wliiili  ininiti^  ina\ 
takf  plat'f. 

10.  \  incaiis  tor  11111111111/111^  .ind  iiiii- 
trollinir  liottoin  licaxc  in  iniiu*  \\ oik- 
ini's. 

1 1 .  I'sc  in  i-oiiinni'tion  v\  itii  Ira^incntrd 
inatcrial  or  (ill  troni  otiu-r  sonrios. 
i.f.,  tailings,  rotii.si-,  vU-. 

12.  Spi-iial  \aliif  in  making  iiiine-rals 
a\ailal>l(-  in  hi^lilv  iiidiistriali/io 
areas,  in  a^i  iciiltiiral  and  torest 
.11  IMS,  in  areas  on-rlain  liy  larjje 
bodies  ot  water  siieli  as  the  (K'ean. 
hikes,  and  risers,  and  in  areas  o\er- 
hiin  hv  tinid-i  aris  ini'  beds  ol  ijeo- 
l<mii'  ni.iterials.  as  in  oil  or  ijas  Held, 
or  water-bearini'  sandstoni-s. 

(ainsiderable  resi-arcli  and  testing  ot 
the  tori’i^oini'  eoneepts  b.iM‘  t.iken 
place  in  the  Harodsnainics  l.alMiratois 
ot  the  Sc  hool  ot  M ini'S,  (  ailninhi.i  I'ni- 
\eisitv.  .New  ^ork  (atv.  'the  concepts 
are  now  heinn  Held  tested  and  patent 
application  li.is  been  made. 


( ir«»fra^menlal  .'^iSnSn^ 

((aintiniied  troni  pai^e  l.VS 
ini'  incre.ised  torcfs  tor  alii'nim-nt. 

(h— He-el«'\ ation  ot  tlie  siirt.icf  may 
he  obtained  hv  creating  a  I'c-otrai'inen- 
tal  snp|>ort  condition  nndcT  tin-  re- 
(jiiired  area,  iiicreasini'  the  liei^ht  ot 
tlie  ^eotra^mental  snpjMirt  area,  or  liy 
tnrttuT  tra^nient.ition  ol  tlie  ^c-otrau- 
niental  sn|)|)ort  to  increase-  the  nni- 
tormitv  ot  tlie  particle  si/.«-s. 

Tlie  advantages  ot  neofra^mental 
miiiini'  support  and  control  metliiKls 
iiiav  lie  listed  as  jirosidin^  tor: 

1 .  Satetv  in  minim'. 

2.  The-  use  ot  \s  .iste  material  tor  snp- 
|)oit  pm|)o.ses  with  a  minimmn  ot 
li.mdlin^  and  cost. 

■1.  \daptahilit\  to  modern  de\»‘lop- 
ments.  methods,  and  macliinery. 

4.  The  introduction  ot  tlie  tactorv  sys¬ 
tem  in  mines,  wheri-tiv  production 
work  mav  he  ciincentrated  in  a 
^i\en  area  and  the  development 
work  kept  to  a  mininiinn. 

5.  Mil'll  rates  ot  evti action. 

h.  .\  minimi/int'  ot  distnrhance  to  the 


For  racord-brooking  parionnonca . . , 
lot  aoaa  oi  oparotion,  you  can't  lop  a 
McCarthy  Varllcal  Drill.  Racanlly,  on 
ona  dliUcull  )ob,  workara  using  Mc- 
Cortby  aquipmani  driUad  on  8-incb 
hola  100  iaat  daap  in  only  40  minutaal 
Tha  darrick  is  roiaad  and  lowarad  by 
hydraulic  powar  .  .  .  flngar  tip  oon- 
trollad  .  .  .  and  a  60  H.  P.  gosoUna 
motor  is  part  oi  tbs  standard  aquipmant. 

Tha  McCarthy  Varticol  Drill,  monu- 
factvuad  by  Tha  Salam  Tool  Co.,  is 
adoplabla  to  high  wall  and  kay  way 
drilling  and  diamond  drill  boring  .  .  . 
drills  90%  of  all  limsstona  and  sand 
rock  ionnotlons,  and  raodlly  burrows 
through  shola.  Ssnd  today  lot  com- 
plata  iniormotimi,  and  lor  a  iraa  copy 
o(  Tho  Salam  Tool  Company  booklat. 


greater 

footage 


*  Use  Brunner  &  Lay  Rok-Bits  to 
Kive  you  the  most  for  your  money 
from  man  and  machine.  Brunner  & 
Lay  Rok-Bits  ftive  full  suppon  of  the 
carbide  to  absorb  impact  on  every 
stroke.  Channel  design  affords  maxi¬ 
mum  clearance  To  save  money  and 
time,  ask  your  dealer  for  Brunner  & 
Lay  Rok-Bits  ...  or  write  to  us. 


INTlA.SrT  AND  MOUOW  DtUl  STIilS 

MOii  rowers  •  aar  sraois 


MINING  EQUIPMENT 
SINCE  1901 


Brunner  &  Loy,  Inc 

general  offices  and  main  plant 

9300  KING  STIEET  •  FKANKLIN  PAKK,  ILLINO 
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>IOI  'M  AIN  IllCf  1 1 W  A  V 

(Cotitiiiiifd  (rum  pa^t*  151  ) 

ptiiiK'd  liv  .1  (IruiiU-s*  No.  f)  Kl«‘ttru 
idastiiii'  Cap  Kacli  liia<l<‘'1  liulc  was 
sli-iiiinril  lo  tli<*  collar  with  rin  k  linst 
(rum  ilrill  (iittiii('s  W'Ih'Ii  a  blast  was 
M-adv  to  Im-  fired,  the  h-j;  wires  of 
the  taps  wer«-  (siliiietted  m  series 
parallel  and  detonation  was  atx-oin 
plished  hy  means  of  a  cons  entioiial 
hl.istini'  ni.uhine  Ksielleiit  fiaitllM'li' 
t.ition  was  ohtaineil 

Ififlieiill  IfraiiiMge  l*r«ddeiiiii 

Di.on.ii^e  on  the  project  jiresenteil 
ent;ineeiini;  jiiohleiits  of  major  im- 
jioit.ince  iM'taiise  had  to  he  laid 

in  (  niseits  nndei  fills  of  mijirecedented 
heii^hts  The  s|>e<  ilications  called  (or 
the  esiasation  of  more  th.in  2  miles 
of  diti  lies  and  the  lavini'  of  various 
si/es  of  |)i|>e  III  them  to  ch.innel  the 
lieshets  of  till’  jie.iks  ( )iie  line  of 

•H.  i;  t  S  l-al  IHf 


miiltijilate  |>I|k-  of  1-.  'T,  and 
S-j;aiij;e  metal  is  576  ft  loiij;.  This  liiie 
is  strutted  with  fieasv  timtM*rs  to  jrre- 
seiit  the  |)i|>e  from  Im-iiih  crushed  by 
the  weijrht  of  the  IS.5-ft.  earth  hil 
alMise  it  \fter  this  fill  has  had  time 
to  settle,  tlie  timlM-rs  will  Im*  removed. 
Otlier  sjrecial  iiM'thiHls  of  construction 
III  (.tiiinection  with  tlie  laying'  of  the 
|)i|M'  lines  under  estremelv  hit'll  fills 
were  develojred  and  approver!. 

The  emh.inkmeiits  aloiii'  the  rij'ht- 
of-wav  are  slojx'd  on  a  ratio  of  to  I, 
with  soiiw  'a  to  I  in  cut  sections  where 
the  riK'k  formations  |M‘rmitted.  Tlie 
maximiim  i^rade  of  the  new  road  is 
6  |)er  cent,  with  a  maximum  curvature 
of  7  decrees. 

KfluipnienI 

The  |)rinci|)al  iijuijmif'iit  used  hv 
the  (Graham  ort'ani/atioii  included  five 
liii'ersoll-Kand  KM  watron  drills,  eij'lit 
jiortahle  air  compressors- five  (Jard- 
ner-l)eii\ers  .iiid  threr*  Int'ersoll-Kaiids 
rant'iii}'  from  315  to  6(IO-c.f.m.  ca|)a- 


AS  MODERN  AS  TODAY! 

Full  tp««d  ah«ad  i«  pr«Mnt>day  demand  and  you  can  command  it 
with  a  Loomi*  "Clippor"  Blast  Holo  Drill. 

★ 

Writo  for  full  information. 

THE  LOOMIS  MACHINE  COMPANY 

TIFFIN.  OHIO 
Establithod  1842 


IXFLOSIVIS  UMIS— If  you  aro  oxporlonclna  or  anticipato  logal  or  public 
rolotlons  problomt  oritinp  from  Mastinp  oflocts— 

Sond  For  Our  BROCHURE  Ootcrlblnp  Our  Sorvicos 
"VIBRATION  PROBLEMS  CONNECTED  WITH  BLASTING;  THEIR 
SOLUTION  AND  CONTROL  BY  SCIENTIFIC  METHODS" 

(Prttm 

VIBRATION  ENGINEERING  COMPANY 

131  N.  WYOMING  ST.  PHONE  5774  HAZLETON,  PA. 

BOX  1711,  PHONE  CAPITAL  9649,  HOUSTON,  TEXAS 


city,  four  .Northwest  jxrwer  shovels 
with  23»  and  IL-cu.  yd.  di|)|x-rs.  two 
(^aterjrillar  ripjx-rs,  five  12-cu.  ytl.  la- 
Toiirneau  scra|)|x-rs,  sixteen  tractors— 
fifteen  (.'aterpillars  and  one  Inter¬ 
national;  two  Caterpdlar  iiMitor  jrrad- 
••rs.  ten  1.5-cn.  yd.  rear-dumj)  Kiiclids, 
four  16-cu.  vd.  .\thev  crawler  wagons; 
two  Hobart  electric  welders,  one  Novo 
water  |)um|).  five  jeeps;  and  a  Heet  of 
mi.scellaneoiis  Ford,  (.'hevrolet.  and 
CiM(’  trucks.  .\lso,  a  Moton)la  lO-watt 
transmitter  -  receiver  unit  which  made 
ctintact  [possible  at  all  times  Indween 
the  contract«)r's  field  office  and  the 
automobiles  of  the  supervisory  |>er- 
sonnel  on  the  job. 

The  sujrervision  of  cxtnstruction  ac¬ 
tivities  is  under  the  direction  of  the 
.North  (.'arolina  State  Ilij'hwav  and 
Public  Works  (.'ummission  jH‘rsonnel: 
Ifeiirv  W.  Jordan,  chairman;  1..  B. 
Peck,  division  enj'iiuer,  (J.  CJ.  Page, 
cx)nstruction  c-ngineer,  and  J.  F..  Ter- 
ri-ll,  resident  engineer.  For  the  c-on- 
tractor,  John  11.  (iraham.  a  |)artner 
in  the  W.  P7  Cirahani  and  Sons  firm, 
is  |ir«)ject  manager,  assisted  by  Wilson 
B.  Ilollen.  sujrerintendent;  Marry  B. 
.Morris,  jiroject  engineer;  and  Ci. 
Barney  Teague,  foreman  of  drilling 
and  blasting  ojM'rations.  As  senior 
jr.irtner  and  administrative  head  of  the 
(iraham  organization,  W.  K.  C.rahani 
was  a  fre<juent  visitor  to  the  job.  His 
broad  knowh'dge  of  all  jshases  of 
heavv-construction  work,  developed 
through  4-3  years  of  exjierience  in  the 
field,  cx)ntributed  serv  materially  to 
successful  and  snuM)th-running  oper¬ 
ations  on  this  contract. 

More  FonIrariH  lo  Ite  la‘l 

( Construction  j)r»>gress  on  Project  No. 
S.521  is  jinK-eeding  on  schedule.  .\s 
work  on  the  (irahain  contract  draws  to 
a  conclusion,  additional  c-ontracts  will 
1m-  let  bv  the  State  for  jslacing  base 
material  and  top  jrasing  for  a  dual- 
lane  ImmiU-s  ard,  each  lane  22  ft.  wich-. 
The-  lanes  will  be  si-parated  by  a 
safety  strip  4  ft.  wide,  raisc-d  3  in. 
alxwe  the  grade  of  the  two  lanes.  .Mso, 
a  cx)ntr;ict  will  be  let  for  the  building 
of  a  bridge  ;icross  the  Southern  Kail- 
wav  tracks  at  Old  F'ort.  When  the 
rc-located  highw  ay  is  conijih-ted.  it  will 
Im-  one  of  the  most  modern  and  .scenic- 
stretches  of  roadway  in  the  mountain 
regions  of  western  North  Carolina. 
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TH^r 
^R£AK£T*H 
OOR  Roc#C 


CHARLES  F.  THOMAS 


^^iNCi-  Tiil>al-('aiii  lorgecl  Ijrij'ht  sil\tT  and  liroii/t*, 
^  AikI  taught  f«-ll()\viiu*ii  in  liis  craft. 

All  tnaiikind  lias  son^’lit  earth's  riches  to  reach, 
W’itli  tunnel,  a  raise,  or  a  shaft. 

Kach  ajje  found  crude  means  to  chisc-l  and  chip; 

Wrought  metals  to  fashion  strange  drills; 
Shaped  stoin-  slerlj^e  to  coh  the  soft,  shatt«*red  .seam; 
Or  wedded  the  loosed  nnk  with  deft  skills. 

Hill  treasures  laid  deep  in  vaults  of  old  earth. 

Far  riclu'r  than  silv«*r  or  Hold, 

Hesisted  weak  man  until  jrowder  came 
With  forces  to  break  Nature’s  hold. 

Then  pick  anil  the  wedne  siHiii  H;»'e  place  to  drills, 
.\nd  handsteel  loiiH  held  a  Hreat  place. 

As  scieiKf  aiKanceil  with  mineral  arts, 

.And  industry  strove  to  keep  pace. 

*1’  ()  Bi)\  1017.  Kplir.il.i.  \\  aNliiimton 

rilK  KXPI.OMVKS  tAOINKKR  •  SKPTKMBtK-lKTOBKH.  l».M 


The  doiihlejack,  swmiH  w  ith  fieice,  rhv  tliinii'  power. 

Broiinlit  fame  to  “The  Terrible  Sweiles." 

A'et  miners  as  skilled,  wliosi-  names  are  foriiot, 
(hive  wealth  to  tlw  worhl  with  their  ih-iils. 

Kilt  what  man  tiKlav,  with  hammer  and  drill, 
Wh«‘r<‘  skill  plays  a  miich-iu’edeil  part, 

(ainlil  swing  on  an  tipper,  backhole,  or  cut. 

With  knack  of  the  yesteryear’s  ;irt? 


The  air-driven  ’’Shigger,’’  long  vi'ars  ago. 

With  blows  like  the  hammer  of  Thor, 

Karneil  well  its  great  name  with  hard,  battling  men. 
Who  fought  in  an  midergroimil  war. 

The  hand  of  a  master  cranked  ilovvn  tin*  feed 
Of  tough,  chnrning  bit  to  the  face; 

Whilt*  chnckfenilers  heaveil  on  nuts  with  a  wrench. 
To  keep  the  machine  in  its  jilace. 

No  drill  holes  were  cleared  with  water  through  steel. 

Til  Levner’s  long  planning  came  true. 

With  drilling  tests  proveil  ’iieatli  Hed  Monntain’s  peaks. 

When  wet  Joker  Tunnel  holed  thri>ngh. 

.No  cranking  toiiav  on  sell-i(‘eding  drills; 

No  messing  with  sipiirt  gnus  or  wire; 

Sli|)  steel  into  chuck.  Iimisc  water,  anil  air, 

.And  Imstli*  liki*  lii'll  for  your  hire! 

No  backbreaking  toil  with  shovels  toilay. 

For  setup  with  column  or  bar; 

The  jmniM),  fiillrigged,  with  hose,  oil.  and  steel. 

Hulls  in  as  men  muck  the  last  car. 

With  strange,  gantry  frame  shoveil  tight  to  the  face. 

.Anil  ilrills  set  like  gnus  on  a  ship— 

Strange  contrasts  in  mining  from  days  long  ago, 

AA’hen  slaves  gouged  a  tomb  with  Hint  chip. 
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PROGRESS  IN  EXPLOSIVES 


►  HERCULES  POWDER  COMPANY  ^ 


EVERT  LOT  TESTED 


an*  soim-  «)J  the  .sjini|)li*8  of  explosive's  taken  daily  at  one 
'M  Heriij|**s  plant.  Kvery  day,  at  every  plant,  s;implt*s  of  each 
f  \  lot  are  analyzed  and  testtnl  for  conformity  with  Hercules’ 
strict  chemical  and  physical  staiulards. 

Seaisitivity,  consistency,  water  ri*ststance,  moisture  content, 
density.  |H‘rcentaKe«  of  various  in>frt*dients  .  .  .  tlu*se  are  some  of 
the  exacting  lalM>ratory  insiHrtion  .standards  that  must  l)e  met. 

From  raw  materials  to  packaj;i*d  prinlucts,  Hercules’  progre*ss 
in  explosive's  assures  lH*tter  blasting'  |H'rformance  and  hel{)s  to 
lower  blasting  costs. 


•tzihilitv  <»f  (lyriiinitl*' 
»iih  pTH-m  of 
•In  |()U. 


aitHf  19^'>.  a 
ot  bt'T  iiianufat't  umt  i 


t.xftitmtfs  Ih’fHirtnwiil.  King  St.,  W'ilminulou  -99.  Ih’l. 
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The  Sh<)rt€‘st  Distance  Between  Two  Profit  Points 


Your  air  hose  spans  two  profit-making  points  when  you  choose 

^7  ;  t  Gardner-Denver  Portable  Compressors  and  Wagon  Drills 
for  your  heavy  drilling  jobs.  You  compress  air  for  less 
and  use  it  more  efficiently— ond  you  pick  I 

up  extra  savings  at  both  ends  of  your  air  hose.  J 


YOU  ORIU  HIGH 

rOOTAOI  imCIINTlY 

WITH  OAlDNIR-OfNVI*  WAOON  DRIUS 

0  Very  flexible  —  easily  adjusted  for  faster  hole 
spotting. 

0  Handy  cantrals  enable  the  operator  to  drill  more 
efficiently. 

#  Powerful  automatic  blowing  keeps  the  deepest 
holes  clean — encourages  more  frequent  cleaning 
for  faster  drilling. 

0  long  steel  changes  reduce  steel  handling  time. 

9  Write  for  further  information. 


YOU  GIT  DEPINDARli  COAIPRISSID  AIR 

FOR  LESS  WITH  GARONER-DENVER 

WAHR-COOLED  PORTARUS 

9  Fully  water-cooled  compressor  cylinders  assure 
proper  lubrication  in  cold  weather — cooler  opera¬ 
tion  in  hot  weather. 

9  Two-stage  compression  delivers  full  capacity  at 
any  altitude. 

9  High  efficiency  air  cleaners  protect  against  wear. 

9  Deep  oil  sumps  in  engine  and  compressor  provide 
positive  lubrication  on  hills. 


GARDNER-DENVER 


Gordn9r-D«nv«r  C^mpony,  QuirKy,  Hlinoit 
fn  Conodo:  Cordn«r-09nv9r  Compony  fConedo),  ltd.,  Toronto.  Ontorio 

THI  OUAIITY  LEADER  IN  COMPRESSORS,  PUMPS  AND  ROCR  DRILLS 
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LE  ROI 
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lMi4hi«  —  Fronf-«nd  loader  con  b«  at- 
to<h*d  !•  Trortoir  in  only  o  f«w  minvt«t. 
ftoom  combinai  bvcket  ond  cran«.  Cron« 
folds  bock  o«if  of  woy«  wHon  not  in  wto. 
ftvckof  bold*  YO'/S  cw.  ft.  —  Iiftin9  copo- 
city  it  1000  Ibt.  Lifting  copocify  of  cron# 
it  aOO  ibt. 


Mlobll4rlll  —  A  IlfKt-woifki  lo  Isi* 
ClEVIlANO  wofon  dfill  wnit  mowntod  on 
Tfoctoir.  Cottt  oboof  Kolf  of  wKot  yoo 
woold  poy  for  toporoto  comprottoit  and 
rock  drilU  to  do  torn#  work.  IN  oll>orovnd 
vtofvirwtt  makot  drilling  fottor.  ootior. 
Ooickly  poyt  for  iNolf  ool  of  tO«irtgt. 


Tttipliig  •—  Troctoir  witfi  Lo  Rol*CLEVE- 
LAND  Moltipio  Tompor  ortd  work-toving 
oir  food  koopt  up  wiHi  tbroo  mon  tbovol- 
ir»g  or  o  bockftllif>g  troctor.  You  not  only 
got  fottor,  ootior  tompirtg,  but  olto  bottor 
compcKtion  ond  lowor  cottt. 
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cuts  trenching  costs  for  Illinois  man  . . . 
combines  air  power,  digging  power,  and  mobility 
to  do  former  two-day  fob  in  only  half  a  day! 


Your  digging  job  too  small  for  a  power  shovel?  Too  big 
to  do  by  hand  economically?  Then,  mister,  you’re  money 
ahead  with  a  Le  Roi  Tractair-Backhoe !  It’s  a  hydraulic 
backhoe  attachment  mounted  on  a  Tractair,  Lc  Roi’s  com¬ 
bination  35-hp  tractor  and  l<)5-cfm  compressor  —  vou 
get  both  air  power  and  digging  power  in  a  single  piece 
of  ecjuipment. 

Traaair- Backhoe  units  are  saving  money  for  contractors 
every  day.  Take  John  Proszek,  plumbing  contractor  of 
Chicago,  Illinois:  Me  uses  a  Tractair-Backhoe  to  dig  two 
ditches  60'  long  x  6[Y  deep  for  new  home-service  con¬ 
nections  —  and  does  in  half  a  day  what  it  took  two  days 
to  do  before! 

The  versatility  of  Tractair  helps  you  do  many  jobs  with 
greater  speed  and  economy.  Its  air  power  lets  you  break 


through  pavement  or  frost  —  run  air  tcnils.  Its  digging 
power  lets  you  dig  as  deep  as  7'  —  cut  through  hard  ground 
that  a  pick  and  shovel  can't  penetrate  —  keep  the  bottom 
of  a  ditch  perfectly  level  —  dig  straight-end  walls  and 
square  corners. 

But  that’s  only  part  of  the  Trartair  story.  There  are 
other  attachments  you  can  use  to  multiply  Tractair’s  use¬ 
fulness  and  hold  down  your  investment  in  special  equip¬ 
ment.  VC'ith  Le  Roi-CLLVELANU  air  tools,  you  can  break 
pavement,  drill  riKk,  dig  clay,  tamp  All,  etc.  >X'ith  a  front- 
end  loader  (it  has  8  accessories  you  can  interchange  quickly), 
you  can  load,  lift,  backfill,  plow  snow,  etc. 

Ask  your  nearby  Le  Roi  distributor  to  demonstrate  a 
Tractair.  Write  today  for  job-data  sheets  and  bulletins 
on  Tractair. 


Compressors 
Tractair 
Rock  Drills 
Engines  .  .  . 


Nation-Wid«  Sai«s-Sttrvic«  Network 


AIAIAMA  B  rmingboM,  Mftbtl*  —  AUZONA  —  ARKANSAS:  liE 

CALlPOtNIA  Bok«rifr«ld,  len«  B«och.  lot  Anftl»t.  Son  Fronciu*— COlOftAi 
Crond  Junction  ^  CONNECTICUT  Hortford  —  FlOtlOAi  Jochionvillo,  Miami 
CEOBCIA  Auguito.  Oocotwr — IDAHO  Be«sa,  Idaho  Foils,  Twin  Folli—llllNOIS 
INDIANA  lnd>anopol««— IOWA  Codar  Kopids,  Dos  Moinos.  Watofloo— KANSAS: 
Kaniai  Ctty,  Frott,  Wichite^KENTUCKVi  loi-ngton.  lowtivtila— lOUlSIANAt  N 
Shroeoport  —  MAINE  Awgwtto  —  MAKYLAND:  Baltimoro.  Hyamvillo  —  MASSi 
Hvdo  Fotb.  Nowton  Hifhlondt,  Worcostor— MICHIGAN  Dotroil,  Grand  Kopids->M 
Duluth.  Minnoapolii  — >  MISSISSIFFI  iachion  —  MiSSOURIi  ioplin,  Sf-  louts-* 
BiMtntt.  Groat  Falls,  KolispoH*  Missoula  -*  NEBBASKA  Omoha  NEW  I 


SacfclNIlMg  —  A  backfill  blarft  adapt* 
tfca  ¥«r«atild  Tractair  far  twcli  (ab*  at  fill- 
lAf  trafKbat.  Ilfbf  fradiaf ,  and  atbar  lifM 
datinf  wark  — >  anywbara  alanf  fba  fab 
tita.  lackfill  blad*  It  A*  wida,  moldboard 
Is  2't*  blfb.  Mailmiim  lift  abavo  fraand 
it  Td*. 


DrfWIat#  Sraahhig,  Dlgglaf  —  Tractair 
patt  air  pawor  ta  wark  ranninp  U  Aai- 
CliViLAND  air  faalt.  Haro,  Tractair  apar. 
atot  a  clay  dlfpar,  ta  spa  ad  ap  tranebinf . 
Tractair  can  ba  atad  alta  ta  ran  La  lai- 
CLiVfUND  braakart,  tinkar  drillt,  backfill 


lartb  gHMag  —  Tractair  with  Utility 
boom  aparatat  air  matar-drivan  oartb 
aafar  ap  ta  16*  diamatar  —  tpaadt  ap 
arKbar-bala  di99ir>9  and  atbar  aaitb  drill, 
inf  fabt.  If't  anatbar  way  Tractair  float 
yaa  avtra  baart  af  tarvica  by  dainp  tba 
wark  af  tpacialiiad  afaipmant. 


Chicaga  Pneumatic 

TOOL  COMPAMV 


//  Fl«*r«‘%  iiii  ••fliririil.  for  a  joli 

'  ri‘)|iiiriii^  1 200  ciiitic  ft'rl  of  air  a  iiiiiiiilr  —  tuo 
(.1’  Miolrl  000  |)i«‘>«'l-<iri\en  I’nK  I'AHI.K  AIK 
COMIMIKSSOKS. 

W  lioiu-xi-r  air  i!>  iioctloj.  Iiowi'xrr.  the 
(J'  (fratliiid  Speed  Ke^iilator  take>  rare  of 
Miialler  (ieiiiaiiii^  hx  reiliiein^  engine  >pee<i 
proportioiialeix.  iiiiiiiiiiixin^  xxear  and  main* 
tainiii^  peak  eeoiioiiix. 

I  In-  xxid«-  raiij:e  of  (d*  tiiiie-le«ted  {!a>oliiie 
and  I  )ie-el-driveii  I'orlalile  (!oiiipre>>or>  — 
from  <i0  e.f.Mi.  to  000  c’.f.m.  —  periiiil>  the  »e- 
leetion  of  the  mo>t  'iiitahle  eipiipment  for  any 
partienlar  kind  of  joh. 


fK(U«»II(  10015  •  »!•  (OMfnSSOIS  •  tlECTIK  TOOIS  •  Bltstl  ENOIdES 
«0il  011115  •  10015  •  V»(UUM  EUl<f5  •  »»l»llOt(  t((E550IIE5 
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Makes  Air  Do  AAore  Woiiicl ' 


«lM  facM  atoMM  Jay  kraakar*— Jay  caai> 

yrataan,  rack  Mli,  araBaa  arMc,  cara  *M*,  katcH,  ipakari, 
•raack  Oyarc.  a«c.  Saa  yaar  aaaract  Jay  a*>ca  ar  emlkatar. 


Write  for  Bulletins,  or 


^9...  UeioSup&t,  keomu/eiakb 

I'hertrS  real  knockoiic  power  in  ihi%  00  lb  super  breaker.  T  he  k-HO  is  ileMxned  10 
speed  up  demolition  ot  those  extra  touKh  and  heasy  reinforced  concrete  sections, 
etc.  Like  all  Joy  MIA'IK  nIKI  AK  I'asin^  breakers,  the  k-MO  is  c adniium  plated 
inside  and  out,  which  presents  rusting,  eliminates  scoring  and  aids  lubrication. 

rD8l 

Handles  toufth  demolition  |obs  economically  and  etticieiifly  — 
j  breaks  more  concrete  because  it  strikes  more  and  heasier  blows,  and  because 
it’s  easier  to  hold  (Outstanding  features  o(  the  k-Hl  include  the  exclusive 
Joy  Dual  Valve,  ■  Hat-sided  cylinder  lor  easy  holding  aKainst  operator  s  le^. 

I  replaceable  chuck  bushings,  "II"  type  ^ide  rods  anti  rugged  cam-type  retainer. 

mfi 

■  Hi  lor  thin-section  other 

m  11  j  light  |obs  hartl-hitting  easy  han- 

1  lli  tiling  like  the  k  MI.  but  lighter  in  weight  Many  of 
j  1  1%;'  the  parts,  such  as  the  chuck  housing,  chuck  bushing 

^  ^  throttle,  will  tu  both  the  k-bl  arul  k-Ml  — a 

*  consitlerable  saving  in  repair  parts  stt>ck. 

=rf  ■‘s.rliM 

>tf  •r  amikcccr.  'M  U  ^  v 


OVZR  ■  YMRS  uf  [NGIS::":,...  LEADERSHIP  ...n-,,,. 


Only  4t)  lbs. — a  powerful,  easy- 
handling  little  breaker  that's 
ideal  for  light  demtdition  and 
all  work  where  the  o|>erator 
must  support  the  entire  weight 
of  the  tcMil.  or  where  fiHiting 
IS  not  solid,  as  on  scaffolds. 


JOY  MANUFACTURING  COMPANY 


GENERAL  OFFICES:  HENRY  W.  OLIVER  BUILDING  ■  PITTSBURGH  77.  PA. 

’  IN  Canada  joy  MANUfACTURiNG  company  (Canada)  limited,  Galt,  Ontario 


Rock 


Bucyrus-Erie  6-Yd.  150-B 

SeU 


arc  ♦o'*' 
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BUrYRUS 

EVil  E 


SOUTH  MIIWAUKEE 
WISCONSIN 


^liiximiini  Sfrfrielh  —  Minimum  U  fiuhl  in  this  exclusive  two-section 
shovel  boom.  Lower  section,  rigidly  connected  to  the  A-frame,  has  ample 
strength  to  take  shock  loads.  There  is  no  torsion  in  the  tubular  handle  .  .  . 
it  is  free  to  rotate  in  the  cylindrical  saddl<^  block.  Independent  rope  crowd 
with  crowd  machinery  on  the  main  deck  means  low  swing  inertia  and  faster 
cycles. 

Ihnil  In  in  H  ni»i  Kniu’s  provide  steady,  positive,  digging  action.  Hoist 
power  is  automatically  concentrated  at  the  part  of  the  dipper  lip  where  it 
is  most  needed  —  power  application  that  is  unmatched  for  rock  digging. 

k-  ti  linn  l‘rn(tfl  —  The  150-B's  propel  machinery  can  be  quickly  en¬ 
gaged  for  faster  move-ups  or  for  getting  away  from  slides.  Less  time  lost 
in  moving  pays  off  in  higher  output. 

t  imxfriniinn  means  less  downtime,  lower  maintenance  costs. 
Larger,  stronger  lower  works  stand  up  to  rough  quarry  duty.  Box-section 
caterpillar  treads  have  separate  paths  for  rollers  and  driving  tumblers. 
Treads  stay  in  adjustment  longer  and  resist  wear  better. 

These  big  advantages,  plus  improved  Ward-Leonard  rotating  variable 
voltage  control,  mean  faster  cycles  and  higher  output  in  hard  digging.  In 
addition,  the  150-B  is  readily  convertible  to  independent-motor  powered 


